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INTRODUCTION. 


Much doubt and difference of opinion exists concerning the ferti- 
lizer value of ground raw rock phosphate. Some agronomists and 
agricultural chemists have reported satisfactory results from its use 
both in pot and field experiments, others have decided that while 
the material is beneficial to a number of crops when applied under 
certain conditions, it is so inferior to acid phosphate that it is unwise, 
under normal conditions, to depend upon it as a source of phosphoric 
acid when one can obtain the more soluble superphosphate. Several 
experiment stations have concluded that ground raw rock phosphate 
is entirely unprofitable on most of the soils in their particular States 
under their present crop systems. 

The use of ground raw rock phosphate directly as a fertilizer, how- 
ever, has slowly increased during the last decade until now the annual 
consumption is in excess of 91,000 tons, involving an expenditure by 
the farmer of over $750,000 annually. 

Most of the demand has been in the corn belt of the middle West- 
ern States, particularly in Illinois, where the State Agricultural 
Experiment Station has strongly recommended this material and out- 
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lined methods of treatment and application which it claims will re- 
sult in the maximum benefit from its use. But ground raw rock phos- 
phate has been used to a small extent in many other States and would 
undoubtedly have been more widely employed were it not for con- 
flicting conclusions concerning its agricultural value, conclusions 
which in many instances have been drawn from insufficient data. © 

Numerous experiments have been conducted, not only in the field 
but in the greenhouse and laboratory as well, to test the fertilizer 
value of ground raw rock phosphate. While some of the field ex- 
periments have been carried on in a careful, systematic Way over a 
term of years, others have been conducted for such a brief period and 
apparently with so little regard for the numerous factors influencing 
crop yields that it is not only unwise to draw any definite conclusions 
from the results but unfair to class them with those obtained from 
carefully conducted long-time experiments. After a careful analysis 
of a number of long-time fertilizer experiments, Prof. Whitney, of 
this bureau, states that “a period of not less than 15 years of observa- 
tion is required to draw any safe conclusions from fertilizer plot 
tests.” If the results of experiments so far published, therefore, be 
taken without carefully weighing their relative merits, the only con- 
clusion one could possibly reach is that ground raw rock phosphate 
is of very questionable value. 

In giving the results of field tests with ground raw rock phosphate, 
the writers found it difficult to draw the line between experiments 
warranting discussion and those which were not sufficiently im- 
portant to justify consideration in detail. Finally the plan was 
adopted to discuss only those field experiments which were con- 
ducted for five years or more. In some instances this plan may 
appear not quite fair, but almost any other treatment of the sub- 
ject would result in a manuscript so bulky and so filled with data of 
relatively little value, that it would only serve to confuse the reader. 


HISTORY. 


The use in this country of ground raw rock phosphate as a fer- 
tilizer dates back to the early days of the South Carolina phosphate 
industry. 

Holmes? recommended finely ground South Carolina rock for 
direct application to the field as early as 1870, and several of the 
phosphate mining concerns then operating at Charleston advertised 
the material for sale. Chazal* states that some correspondence of 
Prof. Charles U. Shepard shows that the latter advised the use of 


De 
1 Unpublished work. 
2 Phosphate Rocks of South Carolina, pp. 45-46 (1870). 
8A Sketch of the South Carolina Phosphate Industry (1904). 
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the Ashley phosphates in leu of bones as far back as 1860. A number 
of years later (1889), when the Florida hard rock phosphate fields 
were discovered, a considerable tonnage of soft phosphate (consist- 
ing chiefly of aluminum phosphate). which is found associated with 
the hard rock, was used locally by the farmers, and in a good many 
instances with reported success. 

Some early adverse reports on the agricultural value of raw rock 
phosphate, coupled with the rapid establishing of plants for the 
manufacture of the more soluble and undoubtedly more quickly act- 
ing superphosphate, led to the practical cessation of use of this raw 
material in the South, and, while spasmodic efforts have been made 
to revive its use, it is generally believed that the more soluble phos- 
phates are better adapted to most of the soils and crops of the South 
Atlantic States. 

The first recorded work with raw rock phosphate was published 
by the Pennsylvania Experiment Station in 1885.1 and consisted of 
two experiments (one field and one box experiment) begun in 1883. 
The box experiment was continued for two years only, but the fietd 
experiment was conducted through a period of thirteen years. 

The Louisiana station was the next to report the results of ex- 
periments with this material, publishing in 1886? the yields of corn 
and oats obtained in several tests conducted for periods of one to two 
years. 

Some years later this same station undertook a number of long- 
time experiments with raw rock phosphate, the results of which 
are recorded and discussed elsewhere in this bulletin. 

Several other experiment stations (Florida, Connecticut, Georgia, 
and South Carolina) shortly afterward undertook some experiments 
with raw phosphates, and these have been followed by practically 
all the State stations east of the Mississippi River and a few of 
those west. The results obtained by the stations are discussed in 
detail further on. 


THEORETICAL CONSIDERATIONS. 


The fact that most deposits of amorphous phosphates are of or- 
ganic origin led many to believe that this material when ground 
and applied directly to the soil would give results approximating 
those obtained from the use of nitrogenous guanos or ground bone. 

A brief consideration of the manner in which deposits of rock 
phosphate are usually formed will show that it can not ordinarily be 
expected to yield its phosphoric acid as rapidly to the soil solution 
as the organic phosphates which have not undergone complete de- 
composition. 


1Pa. Agr. Expt. &ta., Ann. Rept. for 1884 (1885). 
2La. Agr. Expt. Sta., Buls. Nos. 3, 4, and 6 (1886). 
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Some phosphate deposits, such as those found on islands of the 


Pacific and Indian Oceans, have resulted from the replacement of the 
carbonic acid in lime rock by phosphoric acid derived from overlying 
layers of organic material, usually the droppings of sea birds. The 
percentage of phosphoric acid in such excrements is quite high and 


is readily leached out by rain water, but the underlying coral lime-( 


stone, of which such islands are often formed, takes up and fixes the 
phosphoric acid, forming relatively insoluble phosphate of lime. 

Other phosphate deposits such as the brown-rock deposits of 
Tennessee are derived from phosphatic limestones by the leaching 
out of the more soluble carbonate of lime. The residue then consists 
of a porous rock containing a much higher percentage of phosphoric 
acid than the original material but in the form of the same rela- 
tively insoluble phosphate of lime. 

While the origin of numerous deposits of phosphate is not alto- 
gether clear, in nearly every instance the nature of the rock is such 
that it is relatively insoluble in water and quite resistant to weather- 


ing influences. A quick response from applications of such material, 


therefore, is hardly to be expected unless it is either subjected to some 
chemical treatment by which the solubility of the phosphoric acid is 
considerably increased or it is mechanically ground to an impalpable 
powder and thoroughly distributed in the soil in such large quantities 
that an enormous surface of the mineral is exposed to the action of 
the soil waters. 

In order to render the phosphoric acid soluble and facilitate its 
distribution in the soil, Liebig proposed to treat bones with sulphuric 
acid. When the nature of phosphate rock was established, Lawes 
applied the same treatment to that material, taking out a patent on 
his process in 1842. Since that date the use of acidulated phosphates 
has grown rapidly until now the vast bulk of the rock phosphate 
entering into the fertilizer industry is treated with sulphuric acid 
and manufactured into superphosphate. 3 

Because ground raw rock phosphate has in many cases proved 
more effective on soils rich in organic matter, it is popularly sup- 
posed that certain organic acids in the soil exert a solvent influence 
cn the rock similar to the effect produced by sulphuric acid. 

The existence of such organic acids in the soil in quantities sufii- 
cient to affect appreciably the solubility of phosphate rock is very 
doubtful, but soils of high organic content are always rich in carbon 
dioxide and bacteria, both of which have an important influence on 
the solubility and alteration of soil minerals, and hence it is reason- 
able to expect an increase in the solubility of the phosphate contained 
therein over that of soils of low organic content. Some of the best 
field results with raw rock phosphate have been obtained where the 
material has been used in connection with stable manure or turned 
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under with a green crop. Either of these treatments increases both 


the bacterial growth and the amount of carbon dioxide in the soil. 
On the other hand, highly productive soils not particularly rich in 
organic matter and which have never been fertilized contain much of 


their phosphoric acid as apatite or in some relatively insoluble form. 
‘Limestone soils high in phosphate, such as those in the Bluegrass 


Regions of Kentucky or in the Central Basin of Tennessee, continue 
to yield large crops without the addition of any soluble phosphate, 
and frequently do not respond to such applications.* 

Burlison,? in a series of pot tests in pure sand, showed that farm 
crops were able to utilize the phosphoric acid of rock phosphate with- 
out the aid of organic material and that the yields were greater when 
the applications of rock phosphate were increased. 

Other things being favorable, therefore, it seems reasonable to 
expect a soil low in phosphoric acid to respond to the addition of 
ground raw rock phosphate provided that the material is very finely 
ground, applied lberally, and thoroughly distributed through the 
soil by cultivation. 


METHODS OF STUDYING THE SUBJECT. 


In efforts to determine the fertilizer value of raw rock phosphate 
three general lines of investigation have been followed, namely, 
laboratory work, pot or greenhouse tests, and field experiments. The 


‘last named of these methods is by far the most important and the 


only one of much value, taken by itself. The other lines of work, 
however, are useful supplements to field experiments, and their 
importance should not be minimized. 


LABORATORY WORK. 


Laboratory work on ground raw rock phosphate divides itself into 
the following investigations: 

1. Determination of composition of rock. 
_ 9. Methods of determining availability of phosphate. 

8. Effect of degree of fineness of the phosphate on its solubility or 
availability. 

4. Effect of organic fermentation on the solubility or availability 
of the phosphate. 


COMPOSITION OF ROCK. 


While phosphate rock from various sources differs considerably in 
composition and grade,’ the bulk of the phosphoric acid contained 


1Mooers, C. A., Tenn. Agr. Expt. Sta., Bul. 86, pp. 48-44, and p. 86 (1909). 

2Mineral Phosphates and Plant Nutrition, Jour. Agr. Research, 6, No. 138, 485-514 
(1916). 

3 Bureau of Soils, Buls. Nos. 69. 76, and 81: U. S. Dept. of Agriculture Buls. Nos. 14 
and 312. i 
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therein is combined with lime in the proportion to form tricalcium 
phosphate (Ca,;(PO,),). Since this material in its natural state is 
rather sparingly soluble in water and very weak acid solutions, there 
may be little difference in the amount of phosphoric acid which the 
various grades of rock will yield to a definite quantity of such sol-, 
vents within a limited time, provided the reck samples are ground to 
the same degree of fineness. 

There has accumulated, however, considerable data, indicating that 
the availability of the amorphous phosphates is greater than that of 
apatite, and in a recent investigation Burlison? found that there was 
apparently quite a difference in the availability of rock phosphate 
from different sources when measured by crops grown in pots of 
small size. 

The presence of such an impurity as limestone may have a con- 
siderable effect on the solubility of the phosphate in certain conven- 
tional solvents, since carbonate of lime is much more readily attacked 
by weak or dilute acid solutions and therefore tends to reduce their 
solvent power either by neutralization of the acid or by furnishing a 
common ion (Ca). A determination of the amount of free lime 
present may be of considerable importance if the availability of the 
phosphate is to be measured by its solubility in a conventional solvent. 

Phosphates of iron and aluminum, while less soluble than the 
phosphates of lime, are not usually present in sufficient quantities 
materially to reduce the solubility of the rock. Unless, therefore, 
there is reason to suspect that these phosphates are present in abnor- 
mal amounts their determination is hardly deemed necessary. 

The most important and often the only essential determination to 
be made in an analysis of phosphate rock for direct application to the 
field is its phosphoric-acid content. Nearly all rock is sold on the 
basis of the phosphoric acid which it contains and the degree of 
fineness to which it is ground. 


METHODS OF DETERMINING AVAILABILITY OF PHOSPHATES, 


The solubility of natural and manufactured phosphates in water 
and various media has been the subject of numerous investigations. 
practically all of which have been carried on with a view to obtain- 
ing an index of the availability of phosphates under soil conditions. 

Deherain,? in attempting to determine the available plant food in 
soils, used a dilute solution of acetic acid. Gerlach * and Schloesing * 
employed aqueous solutions of carbon dioxide, on the theory that the 
natural soil waters owe their solvent action to this gas. The results 


1 Mineral Phosphates and Plant Nutrition, Jour. Agr. Research, 6, pp. 485-514 (1916). 
2Ann. Agron., 17, 445 (1891). 

8 Landw. Vers.-Stat., 46, 201 (1896). 

Compt. Rend., 131, 149 (1900). 
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obtained by the latter investigator in determining the solubility of 
the calcium phosphate (Ca,(PO,),,H,O) in carbonated waters and 
in water containing both calcium carbonate and carbon dioxide are 
given in Table I. 


ee I.—Solubility of lime phosphate in water containing carbon dioxide and 
calcium carbonate. 


Phosphoric Lime 


Solvent. acid (P20;) | (CaO) per 
per liter. liter. 
Mg. Mg. 
AVA GOT ete ere are SIC Kia ctain b eiwlaldinie ale aie winidielaicie tars o baci a aoe Aoraneabeinwsicceaoos ad ON4olAceeatae ewe 
1,200 cubic centimeters distilled water and 50 cubic centimeters water saturated | 
AVL ©! ©) pe sete ctacia ces eit a(t sien sistas Siege sok lacias hee a hsceee wis ck aoe bes OY eesaceeoadce 
1,000 cubic centimeters distilled water and 250 cubic centimeters water satu- 
mate Guwill Wa © O erase sees oe isteeo enn cite ce qiaanetsicie minnie oe aoe Be ation oasis ASS 5 jane cae cone 
1,250 cubic centimeters water saturated with COo.........-..--...---------2--e-- OUS94T ie ee ee 
Water containing 174 milligrams CaCO; and 82 milligrams COz per !iter........ 88 | 100.0 
Water containing 290 milligrams CaCO; and 171 milligrams CO» per liter_..... ileal 162.3 
Water containing 389 milligrams CaCO; and 270 milligrams COz per liter...... . 80 218.8 
Water containing 488 milligrams CaCO; and 415 milligrams COs, per liter...... 1.77 273.3 
Water containing 558 milligrams CaCO; and 541 milligrams COs per liter...... 1.30 312.7 


It will be seen that the presence of carbon dioxide in water increases 
greatly the solubility of tricalcium phosphate, but that the addition 
of calcium carbonate depresses the solubility of the phosphate. This 
experiment was apparently conducted with samples of relatively 
pure materials, and no doubt the lime phosphate was in a precipi- 
tated form. Under such conditions a greater quantity of phosphoric 
acid (P,O,) would be dissolved than from the same quantity of 
natural rock phosphate. 

An experiment to test the solvent power of carbonated waters on 
various phosphatic materials was conducted by Williams’ many 
years before the one just cited. The results of this experiment are 
given in Table IT. 


TasBLE 11.—Solubility in water of various phosphatic materials used as fer- 


tilizers. 
Water re- 
: quired to 
Source of phosphate. dissolve one 
part of the 
phosphate. 
Parts. 
Apatite from Perth, Canada, containing 89.27 per cent Ca3(PO4)o.......-------------+------ 222, 000 
Seabrrepe eau AOC age en ae ew eee eae se eneine veisinin cemeemnes qo ae-nsinie= se eaiacace 140, 000 
Finely ground bone containing 56.78 per cent Ca3(PO4)o.....---.---------------2-22-2------- 5, 698 
Same, calcined to burn out organic matter, 92.88 per cent Cas(PO4)o---.-..--------------- 8, 029 
Adulterated commercial bone dust containing 24.32 per cent organic and volatile matters 
ein! Ss tap Gomi One? OA PEE Sec cacoos bodgadausc cb eels SeeGa noe sooE Eo ooecsuaedapeceacscanae 4,122 
South Carolina phosphate containing 57.89 per cent Ca3(POx)o.....--.---------------------- 6, 983 
SEG, WTR TOG Ces es eee Be ARR BORE SoC RO SRB DE EE SERCH EORACCOCOCCRECECOE Be pEEDernece Gee 6, 544 
Guano containing 49.67 per cent Caz(PO4)o....-----ccccccccccecn seen eee seen eet e nee e ee eeeee| &, 009 


i1Chem. News, 24, 306 (1871). 
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It will be noted that the solubility of the amorphous phosphate 
(South Carolina rock) is considerably greater than the crystalline 
variety (apatite). Also that fine grinding increased the amount of 
the various materials dissolved. 

Liebig,’ Fleisher and Kissling,? Cameron and Hurst,? and Greaves* 
found that the presence of most fertilizer salts increased the solu- 
bility of phosphates of lime, and Cameron and Bell® showed that 
certain aqueous solutions increased the solubility of the various phos- 
phates occurring in the soil. 

Peterman ° advocated an ammoniacal solution of ammonium citrate 
to determine the available phosphoric acid in soils. .Emmerling? 
recommended a 1 per cent solution of oxalic acid to distinguish be- 
tween lime phosphate and the phosphates of iron and aluminum. 
Hoffmeister * suggested an ammoniacal solution of “ humic acid” for 
determining the various forms of phosphoric acid in soils. Fraps® 
determined the solubility of a number of soil phosphates in various 
strengths of hydrochloric and nitric acids as well asin 1 per cent citric - 
acid, and tried to establish a relation between the chemically available 
phosphoric acid and that shown to be available by pot tests. While 
he found in several experiments that the order of availability as meas- 
ured by N/5 nitric acid was the same as in pot tests, he also found 
that the difference in the feeding power of various crops and the 
nature of the soil influenced the degree of availability of soil phos- 
phates. This experiment did not establish any standard for chemi- 
cally available phosphoric acid in the soil. Stoddart *° found that 
the digestion of 25 grams of soil with 250 cubic centimeters of N/5 
nitric acid for five hours dissolved practically all of the lime phos- 
phate but very little of the phosphates of iron and aluminum, and 
concluded that this test serves as an excellent indication of the amount 
of available phosphoric acid present in a soil. In the hght of other 
experiments, however, the assumption that the phosphates of iron 
and aluminum are unavailable to crops is hardly justified. 

Moore*™ attempted to find a strength of hydrochloric acid which 
would remove approximately the same amount of phosphoric acid 
from a soil as a crop of oats grown in pots. The conditions finally 
adopted for the extraction were to digest 200 grams of soil for five 
hours at a temperature of 40° C. with 1 liter of acid of such strength 

1 Ann. Chem. Phar. 106, 185 (1858). 

2 Bied. Centr., 12, 155-161 (1883). 

$s Jour. Am. Chem. Soc., 24, 885 (1904). 

4 Jour. Biol. Chem., 7, 287-319 (1910). 

’ Bureau of Soils, U. S. Dept. of Agr., Bul. No. 41 (1907). 
© Recherches de Chem. et Physiol., 8, 50 (1898). 

7 Bied. Centr., 29, 75 (1900). 

§Landw. Vers.-Stat., 50. 363 (1898). 

®Jour, Am. Chem. Soe., 28, 823-834 (1906). 


10 Wis. Agr. Expt. Sta., Research Bui. No. 2, pp. 50-60 (1909). 
u Jour. Am. Chem. Soc., 24, 79 (1902). 
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that it would be N/200 to methyl orange at the end of the digestion. 
This method, it is said, however, did not prove satisfactory where 
the soil had been fertilized. Hall and Plyman, in an exhaustive 
article on the subject of “Available Plant Food in Soils,” concluded, 
_after trying numerous solvents on 19 different soils, that a 1 per cent 
solution of citric acid as recommended by Dyer? gives results more 
nearly showing the available plant food in soils. Dyer sought to 
determine the average acidity of the root sap, with a view to finding a 
natural solvent for plant food elements in the soil, and decided that 
a 1 per cent solution of citric acid most nearly approximated the 
average solvent power of the root sap. The theory, however, that 
the roots of plants excrete an acid (other than carbonic) which aids 
them in dissolving and securing their food has been practically aban- 
doned. Kossowitch? concluded that the solvent action of plants on 
relatively insoluble phosphates is due to the carbon dioxide given off 
by the roots, but that plants are also able to supply themselves with 
phosphoric acid from extremely dilute solutions. 

Hartwell ¢ states that it is doubtful if any solvent will extract from 
all soils amounts of phosphorus bearing definite relations to those 
removed by even a given crop. The experiments of Ellett and Hill® 
bear cut this statement. These investigators first fixed the phos- 
phorie acid of superphosphate by means of the bases occurring in 


soils (CaCO,, Fe(OH), and Al(OH),), and then tested the solu-. 


bility of the resulting phosphates in N/5 nitric acid, neutral ammo- 
nium citrate, and 1 per cent citric acid (Dyer’s method). These 
solutions dissolved practically all of the phosphate of lime but only 
from 20 to 46 per cent of the iron and aluminum phosphates. When 
these phosphate compounds were mixed in pots with nearly pure 
sand, however, and wheat, oats, and corn grown therein, the pots 
treated with phosphates of iron and aluminum gave greater yields 
than those treated with phosphate of hme, showing that the avail- 
ability as determined by the growing crops was the reverse of that 
shown by the conventional solvents. 

The results obtained by Burlison * in a recent investigation agree 
in a general way with those of Ellett and Hill, since he found that 
the solubility of a mineral phosphate in a 0.2 per cent solution of 
citric acid bore no particular relation to its availability as determined 
by pot tests. 

Hartwell? suggests that a better index of the available phosphoric 
acid in a soil might be gained by growing turnips therein and deter- 


1 Jour. Chem. Soc. Trans., 81, 117-144 (1902). 

2 Jour. Chem. Soc. Trans., 65, 115- (1894). 

3 Bied. Centr. 32, 44-49 (1902). 

4R. I. Agr. Expt. Sta., 18th Ann. Rept., p. 285 (1906). 

5 Va. Polytec. Inst., Agr. Expt. Sta., Ann. Rept. for 1909-10, pp. 44-65 (1911). 
6 Jour. Agr. Research, 6, pp. 485-513 (1916). 

7R. I. Agr. Expt. Sta., Bul. No. 154 (19138). 
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mining the phosphoric acid present in the roots. Analyses of tur- 
nips grown on soils treated with various forms of phosphoric acid 
showed that the percentage of P,O. in the roots was fairly consistent 

with the availability of the phosphates as determined by crop yields. 


In determining the trade value of fertilizer materials the Associa- ¢ 


tion of Official Agricultural Chemists? classes as available all phos- 
phoric acid soluble in a neutral solution of ammonium citrate, and in 
the analyses of basic slag the association? has tentatively adopted 
Wagner’s method, in which all phosphoric acid dissolved from a 
definite weight of the material by a certain volume of 2 per cent citric 
acid is considered available to crops. 

Although several of these methods for determining the availability 
of phosphoric acid both in soils and fertilizers are useful in showing 
the relative solubility of various phosphates, nearly all of the proc- 
esses so far suggested are empirical. and none of them are founded 
on a strictly scientific basis. While it has been demonstrated by 


actual field experiments that certain phosphates soluble in weak > 


acids and dilute organic solutions are also active under soil condi- 
tions, in the hght of both field and laboratory investigations all phos- 
phatic materials which do not conform to these tests can not be 
classed as unavailable to crops. It must be remembered that the term 
“available ” is a relative one. Practically every phosphate known is 
soluble to a certain extent even in pure water. The amount of phos- 
phorie acid dissolved from the less soluble phosphates depends on the 
surface exposed, the quantity of solvent used, and the time of contact. 

Raw rock phosphate conforms in part at least to practically all of 
the chemical availability tests, but its solubility in the various con- 
ventional media is materially affected by the three factors mentioned 
above. No method, therefore, which calls for contact for a limited 
time and the use of a definite quantity of relatively weak solvent, 
and does not state the degree of fineness to which the material should 
be ground, can show any sharp distinction between the amounts of 
phosphate available and unavailable under the conditions obtained 
in the soil. 


EFFECT OF FINENESS OF GRINDING, 


The fineness to which phosphate rock is ground undoubtedly has 
a very important influence on its availability to crops. Not only is 
it easier to distribute more uniformly the finely ground rock through 
the soil, but the immense amount of surface exposed by such material 
enables the soil water to dissolve a much greater proportion in a 
given time than where the rock is in relatively coarse particles. 


1 Jour. Assoc. Official Agr. Chemisis, 1, No. 4, 4-5 (1916). 
2Idem., pp. 14-15, 


Fave) x: 


mm 
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As early as 1868, Voelcker* recognized the importance of fine 
grinding in facilitating the solubility of bones, but considered un- 
acidulated coprolites and apatite practically valueless to crops. 
- Jordon? found in some greenhouse work (which is discussed else- 
wgrhere in this bulletin) that pots of quartz sand treated with “ floats” 
produced greater yields of peas, barley, and rape than those receiv- 
ing the same amount of phosphate in somewhat coarser particles. 
Burlison? in a similar experiment with 60-day oats employed Ten- 
nessee brown-rock phosphate of three different degrees of fineness 
in a series of pots containing relatively pure sand, to which were 
added also the other fertilizer elements. The results of this experi- 
these experiments are given in Table LV. 


TaBLE III.—Relation of size of particles of the availability of the phosphoric 
acid contained therein, as measured by 60-day oats. 


| Phosphate | * 


Pot number. Added! Degree of fineness. Grain. Straw. 

Grams. Grams. Grams. 
11 (i Bee ea 2AGa|PSOibO OU MeSH s 2 nn aeRO Cte oe eRe ee es 5.9 | 6.8 
ose Se So AR er eee DIG Sone OnE a SR eee EE a ee oe TEA] 10.1 
Tb Ay Pe eee eee 250" 0060-200 mesh? <= 2a sank SS eee eee 5.8 hie 
7. Ue a Seem ae eee JAG Sse GOes ke hs See Cee. Ce ea is) ea es 7.7 11.4 
Ud ba 3 et ee oe 2.6 | DMonmeshiand Hersey sss aeons wee eee 8.7 Tit 
Fad Et Na ne Pe Pae IAW KGB Se Oe ees ee es = eS ee eee 2 Re 7.2 13ED 


Table IIT shows that there was considerable difference between the 
average yields of oats treated with the coarser and those receiving 
applications of the more finely ground phosphate rock. 

While the value of the conventional availability tests is seriously 
questioned, the solvents employed serve fairly well to determine the 
effect of fine grinding on the solubility of a given phosphate. In the 
following experiments two of the most widely used phosphates pro- 
duced in this country, namely, the pebble phosphate of Florida and 
the brown-rock phosphate of Tennessee, were employed. 

Samples of these types of rock were ground to three different de- 
grees of fineness, as follows: (1) Between 60 and 130 mesh, (2) be- 
tween 130 and 180 mesh, and (8) 180 mesh and finer. The solubility 
of the three grades of each type was then determined according to 
the official method of the American Association of Official Agricul- 
tural Chemists (solubility in ammonium citrate), according to Wag- 
ner’s method (solubility in 2 per cent citric acid), and according to 
Dyer’s method (solubility in 1 per cent citric acid). In addition to 
these conventional determinations the solubility of the material in 
water saturated with carbon dioxide was determined. The results of 
these experiments are given in Table IV. 

1 Jour. Royal Agr. Soc.. 4, 176-196 (1868). 


2N. Y. Agr. Expt. Sta. (Geneva), Bul. No. 358 (1918). 
2 Jour. Agr. Research, 6, pp: 507-508 (1916). 
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TaBLe IV.—Jnjfluence of jine grinding on the solubility of Florida and Tennessee 
phosphates in certain conventional solvents. 


[Analyses by R. F. Gardiner and J. A. Cullen.] 


| 
Percentage of total P.O :| Amount 
soluble according to— _— dissolved | 


Type of rock. Leste of fineness. P20. 


i | 
Official |Wagner’s| Dyer’s | ra 
method. | method. method.! CO 


j 
Per cent. |Per cent. Ee cent.|Per cent.|P.P. M. 
Florida pebble. ...-...-...- Between 60 and 130 mesh...} 35.53 2.76 1.54] 2.55] 2.0 
IDO Sao be ee Oe es Between 130 and 180 mesh... 36. 27 4.66 16.10 | 2.59 3.0 
1B Ye eae ia Sele a SON Bee 180 mesh and finer...._..... 37.03 5.54 18. 66 | Pay | 4.0 
Tennessee brown rock...... Between 60 and 130 mesh...) 31.25 - 83 8.16 | 2.51 2.0 
APQM SST eet Ae es Between 130 and 180 mesh. -| 29.96 2.34 8.85 | 2.62 4.9 
3.80 ivé eT! 4.5 


DOS ah heey Se ee 180 mesh and finer........_- | 26.80 


1 The solubility determinations according to Dyer’s method were made on new samples. 


Table IV shows that in nearly every instance the finest ground 
material yielded considerably more phosphoric acid to the solvents 
employed than the coarser material. : 

Several concerns now producing ground phosphate rock claim that 
their product is ground so that 80 per cent will pass a sieve of 200 
meshes to the linear inch. While some tests run in this laboratory 
seem to make it doubtful if a uniform product of this degree of fine- 
ness can be placed on the market at present prices, the material 
should at least be ground so that 90 per cent will pass a 100-mesh 
sieve. Such rock will contain a large percentage of very much finer 
material. 

EFFECT OF ORGANIC FERMENTATION. 

It is generally believed by those who favor the use of raw rock 
phosphate as a fertilizer that the action of decaying organic matter 
increases the availability or effectiveness of the phosphate in the 
soil. While actual field experiments lend support to this conclusion, 
efforts to prove this point in the laboratory have not been altogether 
satisfactory. 

Lupton? mixed fioats with cottonseed meal and allowed the mix- 
ture to ferment. Citrate-soluble phosphoric acid was determined 
at the beginning and from time to time during the three months of 
the experiment. The results were inconclusive. McDowell? allowed 
a mixture of floats and manure to ferment in a barrel for 13 months 
and compared the water-soluble and citrate-soluble phosphoric acid 
present at the beginning and at the end of that period. No increase 
in the amount of citrate-soluble phosphoric acid was noted. In a 
similar experiment Holdefieiss* found but little increase in the 
citrate solubility of phosphate rock which had been mixed with 
various organic materials and inorganic salts and allowed to ferment 


1Ala. Agr. Expt. Sta.. Bul. No. 48, pp. 1-10 (1893). 
2Pa. Agr. Expt. Sta.. Ann. Rept. 1907-8, p. 175. 
* Heiden, Dungerlebre, 2, 509. 
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for eight months. Pfeiffer and Thurmann? found that the compost- 
ing of decaying organic matter and phosphates produced but a 
slight increase in the citrate solubility of phosphate rock and actually 
decreased the solubility of acid phosphate. 
Truog,? however, states that these experiments are open to criti- 
Ycism, since no blanks or checks (P,O; determinations) were run on 
the organic materials mixed or composted with the phosphates. This 
author carried on a number of laboratory experiments to study the 
effect of decomposing organic matter on the solubility of finely 
ground rock phosphate. This solubility, however, was determined 
in nearly every instance in a 0.2 per cent solution of citric acid, 
which can not be considered a proof of, nor necessarily an index to, 
the availability of the phosphatic material. 
In his first experiment Truog made up the following mixtures in 
1-gallon glazed jars, each provided with a hole in the bottom: 


No. 1: 2.7 kilograms sand, 25 grams floats. 

No. 2:2.7 kilograms sand, 25 grams floats, 300 grams grass. 
No. 3:2.7 kilograms sand, 300 grams grass. 

No. 4:2.7 kilograms sand, 26 grams floats, 300 grams manure. 
No. 5:2.7 kilograms sand, 300 grams manure. 

The sand used in this experiment analyzed 97.9 per cent silica; 
the floats consisted of a high-grade finely ground rock phosphate 
containing 34 per cent phosphoric acid (P,O;). The grass was fresh 
fine grass finely chopped, and the manure was fresh cow dung 
without any litter. 

The contents of each jar were thoroughly mixed and an optimum 
amount of water was maintained in the jars for a little over four 
months. Both the water-soluble and citric-soluble phosphoric acid 
present in the mixtures were then determined. The results of these | 
analyses are given in Table V. 


TABLE V.—Parts of phosphoric acid (P20s) per million parts of the extracting 


solution. 
P.O; P.O; 
extracted | extracted 
P.O; from 150 from 150 P.O; 
extracted | grams of grams of | extracted | 
J from jars | material material from 60 | 
ar Treatment. by 3 liters |by 300 cubic|by 300 cubic] grams of 
No. of centimeters| centimeters} materia | 
distilled of 0.2 per | of 0.2 per by 1 per 
water. cent citric | cent citric jcant NaOH 
acid in 24 | acidin8 
hours. days. 
P.p.™m. P.p.m. P.p.™m. P.p.m. _ 
fein@uantaand Moats: so. 2.0.) e eee eel ees. s ee a5 116.0 149.0 7.5 
PPO uArtZ MOAtS ANG STASS.\- 2. - cs. sccce ose se == 88.0 68.5 99.0 11.0 
el ROUMATEZAMGsSTASS sso. 82 ee lee ccewisecieloce so =i=|> 88. 0 26.0 32.0 8.7 
AO vartzetoatsyand manures... 2..2+---------=- 71.0 88. 0 118.0 12.5 
Sa MOUMALGAAM GemVAMUTE 2.2 42/22 )os es cil selec = #12) == 67.0 66.5 57.0 9.3 
| 


ea ISS Pee ee 
1Landw. Vers-Stat., 343 (1896). 
2 Wis. Agr. Expt. Sta., Research Bul. No. 20 (1912). 
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The fermentation of organic matter apparently had little or no 
effect on the solubility of finely ground rock phosphate in water 
and a depressing effect on its solubility in 0.2 per cent citric acid 
solution. In regard to the rock’s solubility in 1 per cent sodium 
hydroxide solution, however, this depression is not so marked if 
indeed there is any. This investigation included a number of othef 
interesting experiments, showing the solvent effect of carbon dioxide 
on natural phosphates and the great increase in the quantity of this 
gas in soils treated with manure. The pot work with raw rock 
phosphate conducted by Truog is discussed elsewhere in this bulletin. 

In summing up the results of his work Truog concludes that the 
“solubility of phosphate as measured by a solvent like 0.2 per cent 
citric acid may be very different from the availability as measured 
by a growing crop.” He thinks that the role which organic matter 
plays in rendering raw phosphates more available in the field is due 
to the increased quantity of carbon dioxide resulting from organic 
decomposition and the better distribution of the phosphate which is 
brought about by mixing it intimately with the organic material. 

Sackett, Patten, and Brown’ in an investigation on the solvent 
action of soil bacteria upon the insoluble phosphoric acid of bone and 
raw rock phosphate found that certain types of soil bacteria have the 
power of converting small quantities of insoluble phosphates into 
soluble form independent of acid formation, but that when bacterial 
growth is accompanied by the formation of acid the amount of phos- 
phate dissolved is considerably greater. 

Tottingham* found, however, that in mixtures of rock phosphate 
and manure both the water-soluble and citrate-soluble phosphoric 
acid were reduced by fermentation. 

In a later and more exhaustive investigation Tottingham and Hoff- 
man showed that the action of fermenting manure on natural phos- 
phates is much more complex than was formerly supposed. These 
investigators claimed that the decreased solubility of the phosphates 
in such mixtures was due to the fixing or absorption of the phos- 
phorus by the manure organisms, but that the availability of the 
phosphorus in the cells of such organisms as measured by a growing 
crop (pot test) was as great as that in acid phosphate. Moreover, 
after fermentation has practically ceased the absorbed or altered 
phosphate is released in forms soluble in carbonated waters. The 
final conclusions reached in this investigation were that advanta- 
geous results are obtained by composting rock phosphate with fer- 
menting manure, but that it is inadvisable to practice the same 
scheme with acid phosphate. 


1 Mich. Agr. Expt. Sta., Bul. No. 43 (special), (1908). 
2Science (n. s.) 35, 890 (1912). 
3 Wis. Agr. Expt. Sta. Research Bul. No. 29, pp. 273-321 (1918). 
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Forbes and Fritz! suggested the introduction of floats into the 
silo in order that the fermentation process and the subsequent pass- 
ing of the ensilage through the animal’s body would aid in rendering 
the rock phosphate more soluble. The following table gives a 
summary of the analytical results obtained by these investigators. 


TaBLE VI.—Phosphorus in silage corn with and without added floats, and in 
silage made therefrom. 


Average content of phosphorus on water-free basis. 


Material. Water 
Total Water Citrate aS ores soluble plus 
soluble. soluble. 5 orth nC iL citrate 


soluble. 


a Et 


Per cent. Per cent. Per cent. Per cent. Per cent. 
0. 207 0. 149 0. 021 0. 083 g 


Untreated green silage corn.......-...-.--- 0.170 
Silage from untreated corn..........---.--- 224 - 160 - 008 e1ll - 168 
Green silage corn plus floats.........--.--- -371 . 136 - 061 172 .197 
Silage from treated corn.-..........-----.. . 384 . 157 . 060 SBS 217 


If the total quantity of phosphoric acid in the material is consid- 
ered, it will be seen that the fermentation process actually decreased 
the percentage of water-soluble plus citrate-soluble phosphoric acid 
present in the silage corn. Fermentation also produced little or no 
effect on the citrate solubility of floats mixed and charged to the silo 
with the corn. The amount of phosphate dissolved by a 0.2 per cent 
solution of hydrochloric acid, however, was considerably increased by 
the ensilage process. If this were an index of availability (an as- 
sumption which is hardly warranted) the mixing of phosphate rock 
with ensilage might be considered good practice. 

Mooers,? however, carried this investigation somewhat further and 
actually determined the citric-soluble phosphate in the dung of ani- 
mals fed with ensilage treated with floats, comparing the results with 
the dung of similar animals fed with untreated ensilage. 

The treated ensilage was produced by charging the silo with finely 
ground rock phosphate and corn at the rate of 2 pounds of the former 
to 100 pounds of the corn. It was assumed that the increased amount 
of total phosphoric acid in the dung of the animals fed with the 
treated ensilage was due to the rock phosphate in the ensilage. In 
order to have a check on the effect of fermentation and the subse- 
quent digestive process on the solubility of the phosphate, an 
amount of rock phosphate equal to that in the dung produced from 
the treated ensilage was added to the dung produced from un- 
treated ensilage. The results of this investigation are summarized 


in Table VII. 


1Jour. Ind and Eng. Chem., 6, 222 (1914). 
2 Jour. Ind. and Eng. Chem., 6, 487-8 (1914). 
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TABLE VII.—Phosphoric acid (P20s) voided in dung of animals fed with phos- 
phated and unphosphated ensilage. 


Phosphoric acid found. 


Material. Soluble in 


Total. 0.1 per cent¢ 
citric acid. 


Per cent. | Per cent. 
Dimngstromcow NOs 10) (untreatedsensilave) sass eee ee eee ee eee eee i barlyy 0. 
Dung from cow No. 10 (untreated ensilage) plus a quantity of floats equal to that 

in the dung from cow No. 30 fed with treated ensilage...............---------- 5. 95 . 88 


Dung from/‘cow:No:30 (phosphatediensilage)=: 2.222. ses ce sete cone se eee 5.95 1.05 
Dung from tawntheiter (intreated ensilage)=o se cn see elec eee ee eee sf 1.38 
Dung from fawn heifer (untreated ensilage) plus a quantity of floats equal to that 

in the dung from the blue heifer fed with phosphated ensilage...........-....- 9. 34 1.47 
Dung from blue heifer (phosphated ensilage) ............02cecececccccccccccccces 9.34 1.86 


Apparently the combined processes of fermentation and subse- 
quent digestion of the phosphated ensilage produced small increases 
in the citric solubility of the rock phosphate, but in view of the 


fact that the animals would eat but limited quantities of the treated” 


ensilage, and that it was doubtful whether the increase in solubility 
was due to the ensilage process or to animal digestion, he concluded 
that this method did not offer a practical means of rendering the 
phosphoric acid of raw rock phosphate available for agricultural 
purposes. 

In a laboratory investigation on the effect of phosphates and 
sulphates on soil bacteria Fred and Hart? found that the addition 
of such materials to a soil in soluble form increased the ammonifi- 
cation, carbon dioxide evolution, and total number of bacteria. 
While these effects were much less marked in the case of a rela- 
tively insoluble phosphate (bone ash), the suggestion that the in- 
crease in yield resulting from phosphate applications is due in part 
to the promotion of bacterial activity, which in turn increases ammo- 
nification (or the supply of available nitrogen) and also the carbon 
dioxide content of the soil, seems reasonable. The latter compound 
is effective in bringing about the solution of a further quantity of 
phosphate mineral. 

Hopkins and Whiting,? in an article entitled “Soil Bacteria and 
Phosphates,” showed that nitrous acid produced by the action of 
nitrate bacteria upon ammonium salts dissolved phosphate of lime, 
the amounts of lime and phosphoric acid in solution increasing as 
the quantity of oxidized nitrogen increased. These same authors 
also point out that if all the nitrogen required by standard crops 
were obtained from the oxidation of ammonia or ammonium salts 
and the acid thus produced made to act upon rock phosphate the 


1 Wis. Agr. Expt. Sta. Research Bul. No. 35, pp. 35-66 (1915). 
Ill]. Agr. Expt. Sta., Bul 190, pp. 395-406 (1916). 
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amounts of phosphoric acid and lime thus rendered water soluble 
would be many times greater than required by these same crops. 

Nearly all the experiments so far considered for determining the 
effect of decaying organic matter upon rock phosphate have de- 
pended on some weak solution (usually an acid) to measure the 
Availability of the phosphate thus treated. Truog’s conclusion that 
the conventional laboratory methods for measuring the availability 
of phosphates are unsuitable under certain conditions seems quite 
logical. Take, for instance, the fermentation of manure, which re- 
sults in the formation of alkaline products, which predominate for 
a time at least over the acid products. There seems little reason 
to suppose that changes in raw rock phosphate brought about by 
such fermentation can be measured by the solubility of the phosphate 
in acid solution. | 

It is true that after the fermentation has proceeded further and 
the alkaline products have been largely evolved or neutralized, or 
after fermentation has ceased and the altered phosphate has been 
released by the death of the organisms which absorbed it into their 
cells, one might expect that the solubility of the phosphate in water 
saturated with carbon dioxide would be an index to its availability. 
But while carbon dioxide increases quite appreciably the solubility 
of the difficultly soluble phosphates, this effect is limited at any one 
time by the amount of the gas which can enter into solution. During 
the growing season, however, the constant absorption of the dis- 
solved phosphate by plant roots allows the carbon dioxide to act 
continually upon more phosphatic material. Decaying organic mat- 
ter in contact with raw phosphate, therefore, should be furnishing 
carbon dioxide sufficient to keep a fairly constant supply of phos- 
phoric acid in the soil solution, and therefore the availability of the 
phosphate should be considerably increased by its presence. 


POT AND GREENHOUSE WORK. 


The main advantage of pot work in testing out fertilizer materials 
lies in the fact that the conditions under which the experiments are 
conducted can be to a large extent controlled. 

Soil in the same mechanical condition and of the same chemical 
composition can be obtained for a series of pots with little difficulty. 
Uniform conditions of moisture and temperature can be maintained 
throughout the growing period, and such disturbing factors as blight, 
insect pests, and injuries from heavy rain, hail, or high winds can 
be reduced to a minimum. 

On the other hand, the slightest variation in the conditions of the 
experiment may produce such differences in the crops as to lead to 
very erroneous conclusions. Careful selection of seed, uniform pack- 


56841°—Bull. 699—18——2 
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ing of the soil to insure equality in drainage, and a thorough distri- 
bution of the fertilizer material are essential in order to obtain 
reliable data from pot tests. 

Another disadvantage in pot work lies in the fact that it is 
difficult to grow many plants to maturity in pots because of the 
limited space in which the root systems rave to expand and forage. 

While pot tests with fertilizer materials are valuable for prelimi- 
nary experiments and are also useful supplements to field work, the 
results obtained therefrom can not be regarded as final proof of the 
value of the fertilizer material under investigation. In fact, pot 
tests do not necessarily serve as an index to the results which will 
be obtained in the field. 

The amount of pot or greenhouse Tone on ground raw rock phos- 
phate is comparatively small. What has been done is discussed 
further on in the detailed descriptions of the work of the State 
experiment. stations. 


FIELD EXPERIMENTS. 


The final proof of the value of a fertilizer material must rest upon 
field experiments, but field experiments, unless carefully conducted 
with due regard to the numerous factors influencing crop yields, are 
often worse than valueless. 

Because of limited knowledge of these factors, the earlier agrono- 
mists had a tendency to publish the results of field work conducted 
for a year or two only and to draw conclusions from very meager 
data. Unfortunately, even now the results of field experiments are 
often published without at the same time reporting data or mention- 
ing certain factors which would be a great aid in interpreting the 
significance of the crop yields. Moreover, the experiments (particu- 
larly raw rock phosphate tests) are conducted in such different ways 
and under such a variety of conditions that it is impossible to 
reduce them to a uniform basis for the sake of comparison. The 
desirability of having field investigators employ the same methods 
and. a minimum standard in both variety and fertilizer experiments 
has been pointed out by Piper and Stevenson.’ 

In considering the results of field experiments with raw rock 
phosphate, careful attention should be given to the following factors: 

1. Uniformity of experiment field. 

2. Topography and drainage conditions. 

3. Physical and chemical composition of the soil. 
4, Previous treatment of field. 

5. Climatic conditions. 

6. Injuries from disease, insects, and animals. 


1 Standardization of Field Experimental Methods in Agronomy. Proc, Am. Soe. Agron., 
2, 70-76 (1910), 
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7. Kind of crops grown and selection of seed. 
8. Rate of application and uniform distribution of phosphates. 
9. Methods of comparing raw rock with other phosphates. 

10. Effect of other fertilizers. 

11. Number and distribution of plots, 

12. Duration of experiment. 


UNIFORMITY OF EXPERIMENTAL FIELD. 


The greatest care should be exercised in selecting a field contain- 
ing soil of a uniform character throughout, for unless the soil on the 
various plots has the same productive power or the probable dif- 
ference in its natural fertility on these plots is determined, the yields 
obtained from the application of fertilizers may have little or no 
meaning. A soil survey of a field is of great importance, but such a 
survey unless supplemented by borings may not give sufficient in- 
formation, since an apparently uniform soil may so vary in depth 
from place to place as to cause wide differences in the productivity 
of the various plots. Hall and Russell? state that a simple yet sensi- 
tive method of determining the uniformity of a soil consists in as- 
certaining the percentage of moisture in samples collected from va- 
rious parts of a field at the same time to the same depth. An even 
more sensitive test, it is said, consists in determining the percentage 
of nitrates in such samples. 

Piper and Stevenson? state that it is difficult to say what is the 
ordinary error due to soil inequality. Hall and Russell* state that 
the Rothamsted records show that there is an error of 10 per cent on 
plots where the past treatment has been uniform and general con- 
ditions were favorable for experimental work. 

In conducting fertilizer experiments in the field attempts have 
been made to determine the so-called “natural fertility” of the 
plots subsequently treated with fertilizers. Offhand the most logical 
method appears to be to complete at least one rotation of the sys- 
tem to be employed during the experiment without the addition 
of any fertilizer whatever. The usefulness of this method of valuing 
the plots, however, appears very doubtful. In fact, it might well 
be asked, “Is there such a thing as natural fertility under field con- 
ditions when these conditions vary so greatly from year to year?” 
Lyon‘ has shown that when corn, oats, and wheat were grown for 
several years on the same fields no definite relation was shown be- 
tween the yields of the various plots from year to year. 


LS 
1Chem. News, 102, 180 (1910). 
2 Standardization of Field Experimental Methods. Proc. Am. Soc. Agron., 2, 70-76 
(1910). 
Error of Experiment in Agricultural Field Tests. Chem. News, 102, 80 (1910). 
4Experiments to Estimate Errors in Field Plat Tests. Jour. Am. Soc, Agron., 8, 
89-114 (1911). 
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Where the check plots and those receiving various fertilizer treat- 
ments are replicated several times throughout the experiment field, 
absolute uniformity in a field is not so essential. This point, how- 
ever, 1S discussed under the heading “ Number and Distribution of 
Plots.” 


TOPOGRAPHY AND DRAINAGE CONDITIONS. 


The soil of an experiment field may be fairly uniform throughout. 
but unless the topography and drainage conditions are regular, cer- 
tain parts of the field will be more productive than others. Drainage, 
whether natural or artificial, is seldom uniform on a field.t Tf a soil 
has good underdrainage, but the topography of the field is not 
regular, the accumulation of silt and the greater moisture content of 
the low ground will probably render these depressions more produc- 
tive than the high ground. On the other hand, 1f the low ground is 
poorly drained, excessive moisture in the spring may keep the ground 
cold, delaying greatly the growth of the crop, preventing aeration of | 
the soil, and hindering the development of root systems sufliciently 
extensive to keep the crop from suffering from droughts encountered 
later in the year. 

Topographic irregularities may also affect crop yields by causing 
certain parts of a field to be shaded more than others. The shaded 
areas may or may not produce greater yields than the unshaded, de- 
pending on the climatic conditions and the crops grown. 

Since it is frequently not practicable to obtain an experiment field 
free from topographic irregularities, the plots should be laid off or 
distributed in such a way that these irregularities are apportioned (as 
nearly as possible) equally among the various treatments. 


PHYSICAL AND CHEMICAL COMPOSITION OF SOILS. 


Fertilizers affect various soil types and soils varying in chemical 
composition quite differently. Very sandy soils, low in organic 
matter, ordinarily respond quickly to the soluble fertilizers, but 
owing to their low absorptive capacity they may often be leached of 
their soluble salts during excessive rains. Clay soils, on the other 
hand, if kept in good tilth, have a great absorptive capacity, but often 
do not respond so readily to fertilizer treatment until they have been 
heavily limed. Soils rich in organic matter usually respond more 
quickly to the relatively insoluble fertilizers than those of low organic 
content, but here again the soil type and its mineral constitutents are 
factors which must be considered. 

The digestion of a soil with hydrochloric or nitric acid of various 


4Hall, A. D., and Russell, E. J. Chem. News, 102, 180 (1910). 
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of available plant food, but the determination of the total quantities 

of the fertilizer elements (by fusion with sodium carbonate) is fre- 

quently of considerable importance, particularly if supplemented by 

a mineralogical examination. 

_ Some soils high in phosphoric acid seem little affected by applica- 
tions of phosphatic fertilizers, while in other soils the lack of phos- 

phoric acid appears to be the factor limiting their fertility. 


PREVIOUS TREATMENT OF FIELD. 


If a soil is to be tested to determine its responsiveness to a phos- 
phatic fertilizer, 1t is obvious that it should not have been treated 
with phosphates a short time before the experiment. Again, unless 
the experiment is undertaken primarily to show how a badly managed 
soil may be restored to former fertility, care should be taken that the 
soil is not in a “run-down ” condition, due to improper handling and 
cropping. Ordinarily a field should be selected on which the soil is 
in a condition as nearly as possible like its original state. 

Since most of our cleared land has been cultivated and much of it 
fertilized, it is not often possible to obtain a field which is immedi- 
ately available for experimental purposes. It is often well, therefore, 
to allow a field to le fallow for a year or so before using it for plot 
work in order that the effect of previous treatments may be reduced 
to a minimum. In any event the history of the field for a few years 
prior to the experiment should be recorded. 


CLIMATIC CONDITIONS. 


The temperature, rainfall, sunshine, wind, and to a large extent, 
blight, and insect pests are factors beyond control in field work. 

Because of the early stimulation produced by a soluble fertilizer 
a late frost may cause more damage to plots thus treated than to 
those on which a less soluble fertilizer has been used. On the other 
hand, early stimulation and the quick maturity of certain crops are 
almost essential in some of our Northern States in order that they 
may be harvested before the early frost. 

High winds or hailstorms may also cause more damage to the 
better-developed crop than to that which is backward for lack of 
fertilizer. If such a factor is not considered the final results may 
lead to very erroneous conclusions. Excessive rains will sometimes 
leach a soluble fertilizer out of a sandy soil so quickly that its full 
effect will not be felt and the less soluble fertilizers will appear to 
greater advantage. On the other hand, the early stimulation pro- 
duced on a plot by a soluble fertilizer may later enable the plants 
to resist a severe drought more effectully than those on a plot which 
has been treated with a less soluble fertilizer. 
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INJURIES FROM DISEASE, INSECTS, AND ANIMALS. 


Injuries from disease, insects, and animals are sometimes so great 
as completely to destroy the value of a year’s work. The relative 
damage to certain plots frequently may be estimated and allowances 
made, but where the injury is considerable, it is often wise to throwf 
out the results entirely. Hall and Russell* state that “the unequal 
incidence of disease is sometimes very troublesome.” It is certainly 
rare if the various plots of an experiment field are equally affected 
by one or more of the above injuries; so, no matter how slight the 
damage may appear,.it should be recorded and mention made of it 
in publishing the field results. 


KIND OF CROP GROWN AND SELECTION OF SEED. 


Experience has shown that for trucking purposes, where the delay 
of a week or less in the maturing of a crop will often mean the 
difference between profit and loss to a farmer, the water soluble 
fertilizers are much more desirable than the relatively insoluble 
varieties. Some crops also seem better able to utilize the less soluble 
phosphates than do other crops.? Extensive root systems may en- 
able certain plants to forage for their food better than those which 
feed over a more limited area. 

The selection of uniform seed is also an important factor, particu- 
larly when dealing with small plots. In order to decrease the prob- 
able variation in individual productiveness of corn grains, Lyon? 
suggested the plan of planting all the plots in an experiment with 
kernels from the same ears. While such a scheme is not possible in 
the case of many other crops, the selection of seed either by mechani- 
cal or other means can not be sufficiently emphasized. 


UNIFORM DISTRIBUTION OF THE FERTILIZER. 


In order to obtain the maximum benefit from an application of 
fertilizer a thorough distribution in the soil is necessary. The root 
systems of some plants are so extensive that they feed over a very 
wide range, and unless the fertilizer has affected the soil in the 
vicinity of all the root hairs, full benefit from the application can 
not be obtained. In the case of a soluble fertilizer it is not neces- 
sary to exercise such extreme care in application, since the distri- 
bution is largely brought about by rain and the circulation of the soil 
water, but with relatively insoluble fertilizers, such as basic slag, 

1BHrror of Experiment in Agricultural Field Tests. Chem.’ News. 102, 180 1910). 

2Me. Agr. Expt. Sta. Ann. Rept. for 1898 (1899). R. I. Expt. Sta., Bul., 1638, p- 
516-560 (1915). 


3A Test of Planting Plots With the Same Ears of Corn to Secure Greater Uniformity 
in Yield. Proc. Am. Soc. Agron., 2, 35-37 (1910). 
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bone meal, and ground rock phosphates, the distribution must be 
brought about by mechanical means. 
_ A brief consideration of the facts will show how important it is 
that applications of raw rock phosphate should be heavy in order 
that the material may have a fair trial. 

® An average soil contains 0.113 per cent of phosphoric acid (P,O,) 
or 1.98 tons per acre-foot. If such a soil has been given thorough 
cultivation for a number of years the phosphoric acid contained 
therein should be fairly well distributed, at least much better than 
it is possible to distribute a relatively smali application of raw rock 
phosphate in a limited time by mechanical means. It hardly seems 
possible that such a soil could respond to applications of rock phos- 
phate supplying an amount of phosphoric acid equivalent to only 
1 or 2 per cent of that which it already contains in a form nearly if 
not quite as available. An application of 1,300 pounds per acre 
of average raw rock phosphate (30 per cent P,O,) would increase 
the quantity of phosphoric acid already present in an average soil 
approximately 10 per cent. 

Hopkins+ in his recommendations for soil treatment advises the 
use of raw rock phosphate on soils containing phosphoric acid in 
subnormal amounts at the rate of 1,000 pounds per acre every five or 
six years (preferably in connection with farm manure). 

Truog? of the Wisconsin Experiment Station conducted a pot 
experiment in which he showed that where raw rock phosphate was 
very thoroughly mixed with ground quartz much better yields of 
corn and oats were obtained than where only ordinary care in mixing 
was practiced. 

The use of applications of from 1,000 to 2,000 pounds of very finely 
ground raw rock phosphate every few years and the mixing of the 
same intimately with the soil by thorough cultivation should bring 
about the desired distribution. In this way a large surface of the 
relatively insoluble material is exposed to the action of the soil 
water, and much more of the phosphate can therefore be dissolved 
within a limited time. 


METHODS OF COMPARING VARIOUS PHOSPHATES. 


In nearly all of the field experiments so far conducted to compare 
the relative fertilizer values of ground raw rock phosphate and the 
more soluble phosphates, three general methods of application have 
been followed: (1) Equal weights of the various phosphatic materi- 
als have been applied, usually at a medium rate per acre. (2) The 
various phosphates have been added in such quantities as to furnish 


171]. Agr. Expt. Sta.. Bul. No. 123 (1908). 
2 Wis. Agr. Expt. Sta., Research Bul. No. 20, p. 42-45 (1912). 
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equal amounts of phosphoric acid to the soil, the applications usually 
being at a rate supplying phosphoric acid sufficient for one year’s 
crop. (3) The several phosphates have been applied in quantities 
representing equal money values at the particular time and in the 
particular locality in which the experiment was conducted. 


Unfortunately, the first method of comparison has been the onef 


employed in many field experiments, and while the results obtained 
are of some value, the method is very illogical, both from a scientific 
and economic viewpoint, since there are wide differences in the phos- 
phoric acid-content of the various phosphates and the cost of these 
phosphates differs greatly. The only points in favor of such a 
method of comparison are that the amount of labor expended in 
spreading equal quantities of phosphatic material is the same and 
that all experiments conducted according to this method are to a 
certain extent comparable. 

If the role which the more soluble phosphates play in the soil was 


simply that of supplying plant food, and the cost of phosphoric acid - 


in its various forms was practically the same, the second method of 
comparison would be the logical one to follow. Moreover, all experi- 
ments conducted according to this method are also to a certain extent 
comparable. But water-soluble phosphates perform other functions 
in the soil which are often as important as the direct supplying of 
plant food to the growing crop. Not only do they affect the solubil- 
ity of the soil minerals, but they influence and stimulate bacterial 
life and alter the physical condition of the soil. Because of the ease 
with which they are distributed in the soil and the quantity of soluble 
sulphates with which they are usually associated (in acid phosphate), 
they can not but be more energetic in their action than equal amounts 
of phosphoric acid in the form of relatively insoluble phosphates, 
and therefore a comparison of the two classes of phosphates based 
on equal applications of phosphoric acid is almost certain to be favor- 
able to the soluble variety, even though the cost of the less soluble 
phosphates is usually considerably less. 

The third method of comparing the various classes of phosphates 
has much to recommend it, since the effectiveness of the insoluble 
phosphates must depend largely on their thorough distribution in the 
soil, a distribution which can only be brought about by heavy apph- 
cations of very finely ground material. Moreover, the relative value 
of two fertilizer materials must in the end be determined by the 
financial returns obtained from equal investments in the two forms. 
In many localities the price per ton of finely ground raw rock phos- 
phate is about one-half that of acid phosphate or basic slag and one- 
third that of bone meal. Since the average rock phosphate contains 
about twice as much phosphoric acid as acid phosphate, the same 


‘ 
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amount of money will frequently purchase four times as much 
insoluble as soluble phosphoric acid. 

Many experiments conducted according to this third plan, how- 
ever, are not comparable since not only do the prices of the two 
forms of phosphoric acid vary considerably in different localities, 
cepending on the distance to the mines and fertilizer factories, but 
the margin of difference also fluctuates from year to year, depending 
on market and labor conditions. 

While this third method of comparison appears much fairer than 
the first and second, it is open to objections from a strictly business 
standpoint. 

Practically all of the more ardent supporters of ground raw reck 
phosphate as a fertilizer concede that full benefit can not be gained 
from applications of such material until it has been allowed to 
remain in the soil for a year or more, and that it becomes increas- 
ingly effective as it becomes more thoroughly distributed through 
cultivation and is exposed to the action of certain soil solvents. 
This means the investment of capital which does not pay its full 
interest for some years, while an equal amount of money invested 
im acid phosphate may pay good interest the first year. The fol- 
lowing plan, which does not yet seem to have been tried, appears 
to be a more logical method of comparing the two classes of phos- 
phates: 

Apply the first year the several phosphates in quantities repre- 
senting equal money values. When the crops are harvested, any 
ierease from the acid phosphate plots over and above that from the 
raw rock plots reinvest in acid phosphate to be applied to the next 
crop of the acid phosphate plot, thus keeping the net profit from 
the two plots constantly equal for a number of years until sufficient 
time has elapsed for the raw rock to have reached its maximum 
effectiveness. 

Hopkins has proposed and followed a scheme somewhat similar to 
the above in the addition of manure or crop residues to variously 
treated plots. His plan consists in adding to each treated plot after 
the first year these materials in quantities equivalent to the amounts 
which would be produced from the crop grown on that particular 
plot. 

In considering the field work of the experiment stations, discussion 
of the profits obtained from various fertilizer treatments have in 
most instances been omitted since the cost of fertilizer materials as 
well as most crops vary from year to year and place to place. It was 


thought best, therefore, to allow those sufficiently interested in the 


subject to figure the financial returns for any particular time and 
loeality.- ~~. 
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It is maintained by many agricultural investigators that it is not 
possible to ascertain the phosphoric acid requirement of a soil and 
crop until nitrogen and potash have been supplied in optimum quan- 
tities. In other words, since these three fertilizer elements are taken ¢ 
up in.a definite ratio by various crops, an adequate supply of any 
two elements must be present in the soil solution before the plants 
can utilize their full quota of the third. While this is to a certain 
extent true, the methods employed in bringing about this end by no 
means show conclusively that only the optimum quantities of the 
fertilizer elements are present. For instance, the application of 
potash to a soil until a crop no longer responds to further additions 
of this element simply means that there is a limit above which potash 
when applied alone gives no increase in yield. But potash may be 
present in the soil solution in far greater quantities than can be 
utilized by the plant. The excess over and above that required to 
grow a maximum crop may be performing any or all of several — 
functions just as important as the direct supplying of plant food. 
Moreover, the addition of a phosphatic or nitrogenous fertilizer may 
entirely alter the function of the excess potash and will certainly 
affect the nutrient qualities of the soil solution and the feeding 
powers of the crop. 

It has been pointed out by Cameron? that fertilizers not only 
affect the chemical composition of the soil by the actual addition of 
salts or organic compounds, but they alter the nature and solubility 
of the minerals already present. They also have an important in- 
fluence on the physical condition of the soil, its bacterial content,? 
and upon other active biological agents which directly or indirectly 
affect plant growth. 

One of the most conclusive proofs that the plant food theory is 
inadequate to explain entirely the action of fertilizers is the fact 
that stable manure, which is recognized generally as the most effec- 
tive of all fertilizers, contains the three elements, nitrogen, phos- 
phorus, and potassium, in quantities entirely insufficient to account 
for the increase in yields obtained from ordinary applications of this 
substance. 

No matter which view is taken concerning the action of fertilizers, 
the conclusions are in a general way the same, 1. e., the application of 
one fertilizer has an important influence on the action of another. 
In the case of raw rock phosphate it has been pointed out that most 
fertilizer salts exert a solvent effect upon this material, and there- 
fore it is reasonable to expect its effectiveness to be somewhat in- 


1 The Soil Solution, pp. 105-109 (1911). 
2Fred and Hart. Research Bul. No. 35, pp. 35-66, Wis. Expt. Station (1915). 
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creased where it is applied in conjunction with commercial forms 
of nitrogen and potash. 


NUMBER AND DISTRIBUTION OF PLOTS, 


9 It has been pointed out by various investigators that a very much 
clearer and more accurate knowledge of the value of fertilizer treat- 
ments can be gained by employing on a limited area many small 

plots, repeating each fertilizer treatment as well as the checks on sev- 
eral well distributed plots, than on the same area where larger plots 
but fewer duplicates are employed. 

Piper and Stevenson? state that a long period of experimentation 
as well as the rephcation of plots tends to reduce probable error. 
Mercer and Hall? in summing up the results of an investigation on 
“Errors of Field Experiments,” state that in field trials the error 
diminishes with increasing size of the plot, but the reduction in error 
is small when the plot is above one-fortieth acre. These authors 
recommend that in any field experiment each unit of comparison 
(variety, method of fertilizing, etc., according to the object of the 
experiment) should be given five plots of one-fortieth acre each, sys- 
tematically distributed within the experimental area. Lyon® con- 
cludes that an area of one twenty-fifth acre of land, in four widely 
separated plots, devoted to any one test, secures a much greater de- 
gree of accuracy than the same area of land in one body. Olmstead * 
states that the replication of plots is a great satisfaction both to 
the experimenter and the readers of the literature, since it enables 
both to determine whether the results show any valid conclusions 
by giving them a means to estimate the precision of the work. 

Whitney ® states, “It is obvious that if the range of the yields 
of the different fertilizer plots among themselves is no greater than 
the range of the yields of the check plots among themselves, the 
relative effect of the different fertilizers would have no practical sig- 
nificance. Very rarely are there duplicates of any fertilizer treat- 
ment, and this is a weakness of the system. There are admittedly 
wide variations in the yield of check plots, and to determine the real 
yield under fertilization, it is Just as important to have eight or ten 
duplicate fertilizer plots as it is to have that number of duplicate 
check plots.” 


1 Standardization of Field Experimental Methods in Agronomy. Proc. Am. Soc. Agron., 
25-72 (4910). 

2 Experimental Error of Field Trials. Jour. Agr. Sci., 4, pt. 2, 107-127 (1911). 

* Experiments to Estimate Errors. Proc. Am. Soc. Agron., 3, 114 (1911). 

4Some Applications of the Method of Least Squares to Agricultural Experiments. Jour. 
Am. Soc. Agron., 6, 202 (1914). 

5 Unpublished work. 
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DURATION OF EXPERIMENTS. 


Because of the numerous conditions just discussed, some of which 
-are beyond control and some of which vary in spite of the exercise 
of the greatest care, it is obviously unwise to draw conclusions from 


field experiments which have been conducted for a short time only.¢ 


Climatic conditions vary so greatly from year to year that in order 
to gain an accurate knowledge of the value of a fertilizer material 
the same crop should be grown several times on the same land. 
Where proper systems of rotation are practiced it takes from 6 to 
20 years to accomplish this end. In studying the effect of the less 
soluble fertilizers, time plays a very important part. Not only does 
the material often become more soluble, but it becomes more thor- 
oughly distributed in the soil from year to year, and hence is more 
readily available to the root systems of crops. 


RESULTS OF EXPERIMENTS. 
ALABAMA. 


No field experiments with raw rock phosphate continuing beyond 


three years have been conducted by the Alabama station. Two series _ 


of cooperative one-year experiments, however, were carried on, one in 
1891, consisting of 25, and the other in 1892, consisting of 35 experi- 
ments. In these experiments equal amounts of acid phosphate and raw 
rock phosphate were compared but they were applied at a rate (240 
to 300 pounds per acre) considerably below that at which the latter 
should prove effective. In these experiments the average yields of 
the acid phosphate plots were appreciably greater than those of the 
raw rock plots, though the latter showed considerable gains over 
the average of the checks. 

A field experiment conducted for three years was reported by the 
Alabama station in 1913.3 The general scheme and results of this 
experiment were in accord with those just mentioned, but the yield 
of the raw rock plot the third year was almost identical with that 
of the acid phosphate plot. 


CONNECTICUT. 


The work of the Connecticut station with raw ground rock phos- 
phate has been very limited, none of the experiments having been 
conducted sufficiently long to warrant repetition in detail. An ex- 
periment began in 1887 * and continued for three years® on the same 


1Ala. Agr. Expt. Sta., Bul. No. 23 (1891). 

2Ala. Agr. Expt. Sta., Bul. No. 34 (1892). 

8 Ala. Agr. Expt. Sta., Bul. No. 173, p. 189 (1918). 

Conn. Agr. Expt. Sta., Ann. Rept. for 1888, pp. 110-117 (1889). 
® Conn. Agr. Expt. Sta., Ann. Rept. for 1889 (1890). ; 
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field was conducted for the purpose of comparing the effects of 
various phosphates on Indian corn. 

The plots were treated with liberal applications of potash and 
nitrogen in readily available form and the various phosphates were 
applied in quantities representing (at that time) equal money values. 
During the second and third years of the experiment no further 
additions of phosphates were made, in order that their residual 
effects might be studied, but the applications of potash and nitrogen 
carriers were made each year. During the first year of the experi- 
ment the plot treated with acid phosphate showed to considerably 
greater advantage than those receiving raw ground South Carolina 
rock (560 pounds per acre), but in the second and third years (with 
no further additions of phosphates) the production of the acid- 
phosphate plot fell off, while that of the raw-rock plot increased to 
such an extent that it surpassed the yield obtained from the acid- 
phosphate plot during the first year of its application. 

The results of 17 other short-time experiments, 15 of which were 
continued for only one year, were reported by the Connecticut sta- 
tion? between the years 1888 and 1895, but while most of these 
showed indications of beneficial results from the use of raw rock 
phosphate, the data given are too meager to warrant serious con- 
sideration. 

While the results of the field work with raw rock phosphate so far 
presented by the Connecticut Experiment Station must be regarded 
as only indications at best, they are nevertheless favorable to the 
use of raw rock phosphate. 


DELAWARE. 


The only experiment with natural phosphates yet reported by the 
Delaware station was a pot test conducted by W. H. Bishop? in 1893 
in which a study was made of the effects of various phosphates (in 
combination with potash and nitrogen carriers) on the yields of 
soy beans planted in three different types of soil. 

Although the soluble phosphates led all the others, the short dura- 
tion of this experiment (one year), the ight applications of the rela- 
tively insoluble phosphates—applications which would add less than 
0.007 per cent of P,O, to a soil of medium texture—and the wide 
divergence in the yields of some of the check pots make these results 
hardly worthy of repetition. 


1Conn. Agr. Expt. Sta., 14th Ann. Rept., pp. 203-219 (1890); 19th Ann. Rept., pp. 
122-127 (1895). 
2Del. Agr. Expt. Sta., 6th Ann. Rept., pp. 198-202 (1893). 
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FLORIDA AND GEORGIA. 


The Florida and Georgia State Experiment Stations have con-. 
ducted no field experiments with ground raw rock? continuing be- 
yond one year. 

Because of the limited data given and the short duration of these 
experiments, their repetition is not Justified. 


€ 


ILLINOIS. 


The Illinois Experiment Station recommends the use of ground 
raw rock phosphate as a fertilizer more strongly than any other sta- 
tion; in fact it is the only station which now advises the use of this 
material for general farming above any other phosphate carrier. 

Hopkins first advocated the use of raw rock phosphate in 1903,? 
basing his recommendations on the work of the Ohio and Maryland 
stations. In most of the early published work of the Illinois station 
steamed bone meal was the phosphate carrier used,? though it is. 
stated that on certain plots raw rock phosphate was substituted for 
the former. What plots these were, however, is not made clear. 

In the summer of 1905 * the results of some pot culture experiments 
conducted in order to compare the relative fertilizer values of raw 
rock phosphate and steamed bone meal were published. 

The soil used was the gray silt loam of the Lower Illinois glacia- 
tion and wheat was the crop employed in the test. The pots were 
104 inches in diameter, but their height and cubic capacity are not 
given. ‘The author states that equal money values of the two phos- 
phates were employed in this test, that is, three times as much raw 
rock phosphate was added as bone meal. While the actual rate of 
application per pot and per acre are not given, it is presumed that 
the rate was the same as for the field experiments, viz, 200 pounds 
steamed bone meal per acre per annum and 600 pounds of raw rock 
phosphate. In certain pots the phosphate was turned under with a 
good growth of clover, in others with manure, and in still others with 
both clover and manure. The results of this comparative test are 
given in Table VIII, the yields being expressed both in grams per 
pot and bushels per acre. 


1Fla. Agr. Expt. Sta., Bul. No. 3, pp. 3-6 (1888); Bul. No. 10, pp. 21-27 (1890) ; 
Bul. No. 13, pp. 9-15 (1891); Bul. No. 82, p. 397 (1905) ; Press Bulletin No. 77 (1908). 

Ga. Agr. Expt. Sta., Bul. No. 2, pp. 35-37 (1889) ; Bul. No. 25 (1894); Bul. No. 26 
(1894); Bul. No. 27 (1894). 

2Tll. Agr. Expt. Sta., Circular No. 68, April, 1903. 

$Jll. Agr. Expt. Sta., Bul. No. 99, March, 1905; Circular No. 96, July, 1905; Circular 
No. 97 (1905) ; Bul. No. 115 (1907). 

Jil, Agr. Expt. Sta., Circular No. 97 (1905). 
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TABLE VIII.—Yields of wheat obtained in pot experiment to test the relative 
values of raw rock and steamed bone meal. 


Wheat yields. Increase. 
Treatment. 
Per pot. Per acre. | Per acre. 
Grams. Bushels. Bushels. 
IN OTC Ree arse siaia seis aves dia aiets imeete etal sivis a lsiarsinv etareiciniclsicintetaiavete aeisieie ays 10.0 Pehl eapeieees esse iy) 8 
CIO Wer Naar ertlee rks cle pice wicis ereinictetele wiaie ne aie oieluiclos avelorele Rib ieteteletereraeiotars 16.3 43 16 
PS OMCs Cal MMe ire 2 sea, tas ari Ge sista Gene cree imciaierela ste sini iero ciern Ss eieveiwie eimrelel = 14.7 39 12 
FUOCKsPMOS PHALC Ee Hae ca cee se Selek eee eieine ea ok eins see gale eiotetatale 14.2 38 11 
Clovermmbonepni calls paces iin eee NIL cee tate sree Wc aiereyeya a rehemerd 22.2 59 32 
Cloverarockspnosphaters ae ate see nee ee ee eee eee 23.3 62 35 
WETNESS SSO ode eee BOD SOONG EE Be DEO COU E nea SuS ae REE A SBS Se socerae 16.5 44 17 
ClOwerinlanUnes eee nesasisclele -\elnicis iene nme tla- @ ee o iera ne eeins 22.7 60 33 
IMESODIRE, NOW 100s Saso Sey enon ppe a noseerS Hour eroocseteecaybaroueaes 19. 4 52 25 
Manuncynocksphosphatenc: Ohya: HWE Rie NG yale Sas 19.5 52 oe 
Clover, manure, bone meal ad gon ddouonbocsonse seonagecucoas qosddelHe 23.1 62 35 
Clover manure roca phosphates --\0- sees eens ee nee elne eee gard 62 35 
TE GUESTS hel seis el es RN GO a OTRO AGL EN a an 11.3 30 3 
SHOWer, OWS. ceaccéccécossduedsgccopesouuscueccuoSsbonodscusauoHae 18.4 49 22 
IPs oO anele Woes WAC ake sod dyes eee oseUby sate SseoO SEM ScouresEss 18. 4 49 22 
Potash, rock aun res eyUnre eaintel yal Palast Siti at cedar ZR ae lec shat ach 18.2 49 22 
ClovcrepotashbonemenIy ss oe BEN ey 21.9 58 31 
Clover, potash, ROCKED NOS DALE sere Nee Motiee asin ee wie cieeinie meee meters 21.9 58 31 
Manure, potash oe boon ooo comb nabQU COON be conU aT IOS beNCsaeDDO Cob OD Ha 18.1 48 21 
Chowan, me@ribive, IORSIN. 48 ooo oneh op sbcoed os ceseooossed sees Sosbeceses 19.1 51 24 
Manure, potash, bone meal..-.......-.-.---.--- Hadedoesosoqcusosens 19.3 51 24 
Manure potash, nock phosphates. c/22 5.4. cceie etree cis diss seein 19.0 51 24 
@loversmantre potash bone meal 2. 252 e aa wise ovicin «ole ele le oe 25.3 67 40 
Clover, manure, potash, rocksphosphateriacsecs- cence sticeecee ees: 25.3 67 40 
OTC rea erere tease iatlerele ole leleinielaietelerasiclareteisieleleicleleiainicioinvsis(s isi seieine 10.6 PEMA SSO COCR C 


The beneficial effects of phosphate in this particular experiment 
are quite marked, even though the test was of comparatively short 
duration. The results obtained seem to indicate that raw rock phos- 
phate (an equal money value) may be substituted for bone meal, 
particularly if the phosphate is apphed with manure or turned under 
with a leguminous crop. In practically every instance the raw-rock 
pots equaled or surpassed the bone-meal pots with which they were 
directly comparable. 

A number of papers by Hopkins? on the use of raw rock phosphate 
as a fertilizer appeared in 1908 and 1909, but the field work of the 
Tllinois Station described in several of them is given more fully in 
subsequent publications. One of these circulars? is a reply to a 
pamphlet issued by the National Fertilizer Association advising 
against the use of raw rock phosphates. This circular shows that 
the quotations in this pamphlet from the Experiment Station bul- 
letins are very incomplete and the conclusions drawn are unjustified. 

In 1910, 1911, and 1912 the Illinois station issued several publica- 
tions? on raw rock phosphates, but only one is quoted here, since the 
limited duration of the field work or the meager data given in the 
others hardly justify repetition. 


17}l. Agr. Expt. Sta., Circular No. 116; Buls. Nos. 123 and 125 (1908) ; Circulars Nos. 
127 and 130 (1909). 

2 Circular No. 127 (1909). 

8 Lloyd and Brooks, Bul. No. 144 (1910) ; Hopkins, C. G., Circular No. 141 (1910) ; 
Hopkins and Mann, Circular No. 149 (1911); Lloyd, Bul. No, 155 (1912), 
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In the early part of 1911 the Illinois station issued a circular by 
Hopkins and Mann.‘ In the first part Mann gives some results 
obtained with raw ground rock phosphates on his farm, the sub- 
divisions of which were fairly well-drained fields of 85 acres each. 
Prior to the experiment a 4-year rotation of corn, corn, oats, and 
clover had been conducted on most of the fields for 30 years. It is? 
not stated if the fields had received applications of lime or other 
fertilizers. Raw rock phosphate was applied at the rate of 1,000 
pounds per acre every four years to the clover just before it was 
plowed under for the succeeding corn crop. The soil of this farm 
is largely the brown silt loam of the Early Wisconsin glaciation, 
commonly called the black prairie land of the corn belt. 

The average results of five years’ work are given below in Table IX. 


TABLE IX.—Five-year average yields per acre of corn, oats, and clover with and 
without the use of phosphate. 


Yield per acre. 


Treatment. Rotation. 
Corn. Oats. Clover. 
Bushels. | Bushels. Tons. 
INO Rann: oso esbonBoonosccouns 2-year, corn and oats...............- 34 BI lis ns cheen ere 
1S oye Rae oe Es 2 iad Seas DLA Ie Ss SS 4-year, corn, corn, oats, and clover... 54 47 1.5 
Phosphate rock, 1,000 pounds every |..-..- dO. ceeeee oak. cosa one mers eee 70 | 7 2.5 


4 years. 


The results given in Table LX indicate strongly that medium appli- 
cations of raw rock phosphate were very effective on this particular 
soil and farm. No field or plots were employed in this experiment, 
however, on which acid phosphate was applied, so a comparison of 
the relative merits of the two forms of phosphoric acid is not possible. 

In this same circular Hopkins reviews the field work of the Illinois 
Experiment Station, but gives no detailed results obtained from the 
use of raw rock phosphate. 

The results of seven years’ work with raw rock phosphate on the 
Auburn experiment field, Sangamon County, were published by Hop- 
kins, Mosier, Pettit, and Readhumer? in 1911. 

A field of 10 acres located on a typical Middle Ulnoisan brown 
silt loam was selected for this experiment. The previous history of 
the land, however, is not given, nor are any data presented showing 
the uniformity of the field. Two series of plots were employed, each 
series containing eight plots, four of which received raw rock phos- 
phate and four no phosphate. A four-year rotation of corn, corn, 
oats, and clover was followed, corn being represented every year and 
oats and clover in alternate years. 


1Tll. Agr. Expt. Sta., Circular No. 149 (1911). 
2]ll. Agr. Expt. Sta., Soil Rept. No. 4, pp. T-9 (1912), 
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_ While it is stated that raw rock phosphate was applied at the rate 

of 1 ton per acre at the beginning of the experiment, it is not clear 
if there were any subsequent applications during the remaining six 

vears of the experiment. No other commercial fertilizers were em- 

ployed in this test; therefore the data allows no comparison of the 
¥relative values of the different phosphates. 

All of the plots of this experiment field, with the exception of two, 
received applications of organic matter either in the form of crop 
residues or as farm manure. 

In Table X the results obtained on eight plots of each series are 
given. 


TABLE X.—Average yields per acre from two scries of plots, Auburn field 
(1905-1911). 


Corn, 7 Oats, 3 Clover, 2 
Treatment. crops. crops. crops. 
Bushels. Bushels. Tons. 
UAT EROCKUDHOSPMACCLA. ecicin ck cle w= «citi a Sala sie decisis Ubecke wbiccece ee al.9 45.3 2. 16 
HOR a4 2bo5 6 BS SS GHB GES SABA RABE SEH BE ASR SA pIN OE RAE IeESCrCre oe 46. 2 38. 2 1. 66 
EN CACC CAlIMOL RAWALOCKi os coc ces els oe cece ccssiaceeeesescece sac 5.7 deal | 0. 50 


In commenting on this experiment Hopkins and his coworkers 
state that “on the whole, the data from favorable seasons strongly 
indicate a cumulative or increasing effect from the phosphate treat- 
ment, as we have reason to expect and as is shown in the latest crops 
of corn, oats, and clover, the increase amounting to about 25 per 
cent for oats, 34 per cent for corn, and 48 per cent for clover.” 

Hopkins? also published a paper in 1912 entitled “Shall We Use 
Complete Commercial Fertilizers in the Corn Belt?” in which he 
quotes the work of the Indiana and Ohio Experiment Stations with 
a view to showing that complete mixed fertilizers are inferior and 
much more expensive than the simple phosphate carriers, and that 
raw ground rock is the most economic form of phosphoric acid. No 
data from the Illinois Experiment Station farms are contained in 
this circular. 

In 1913 Hopkins? published a paper entitled “ Bread from Stones,” 
which consists of a description of an impoverished farm in southern 
Tllinois which the author has made productive by the so-called h- 
nois system of permanent fertility. The particular tract considered 
in this paper is a 40-acre field which had been agriculturally aban- 

- doned for five years prior to the experiment. During the 10 years 


1J7ll. Agr. Expt. Sta., Circular No. 165 (1912). 
211). Agr. Expt. Sta., Circular No. 168 (1913). 
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prior to 1913, in which year.the results reported were obtained, the 
field was cropped with a 6-year rotation, including 1 year each of 
corn, oats (or cowpeas), and wheat, and 3 years of meadow and 
pasture with clover and timothy. 

The figures obtained seem very favorable to the use of heavy appli- 
cations (2 tons) of raw rock phosphate, but they are the yields off 
only one year. A comparison of the yields obtained therefore with 


and without the addition of raw rock phosphate is probably justified, ~ 


although the land treated with phosphate rock received twice as 
much limestone as the plot on which no phosphate was applied. It 
is possible that the additional amount of lime which this tract received 
had considerable influence on the large increase in yield. 

In the fall of 1913 Hopkins, Mosier, Pettit, and Fisher? reported 
in detail nine-year results of an experiment begun at Galesburg, I1., 
in 1904. The soil of this experiment field is the brown silt loam 
prairie soil of the Upper Llinois glaciation. _The field was divided 
into three series of plots, each series containing 20 plots of one-fifth - 
acre each. A six-year rotation was followed. The previous history 
of the experiment field is not given. 

At the beginning of the experiment limestone was applied to the 
first 15 plots of each series at the rate of 1,300 pounds per acre, and 
again to tke same plots in either 1912 or 1913 at the rate of 4 tons per 
acre. In 1904 the first applications of raw ground rock phosphate 
were made, but the regular plan of this experiment which was to 
apply 14 tons per acre of raw ground phosphate rock every six years 
before plowing for corn was not fully underway on all series of 


plots until 1906. One hundred pounds of potassium sulphate per | 


acre was applied annually. 


It was planned to study the use of phosphate rock, both in grain | 


farming and live-stock farming. In the grain-farming system crop 
residues are returned to the various plots in proportion to the pro- 
duction of each and in the live-stock system all produce (or its equiva- 
lent) is used for feed and bedding and the manure returned to the 
plots in proportion to their yields during the preceding rotation. 
In this particular experiment, however, these two systems were not 
in operation on all series until 1911 and 1912. The average yields 


of the various crops during the nine years of the experiment are given 
in Table XI. | 


2Tll. Agr. Expt. Sta., Soil Rept. No. 7 (1913). 
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TABLE XI.—Average of results of nine years’ work on three series of plots at 
Galesburg, Ill.—Six-year rotation employed, consisting of corn, corn, oats, 
wheat, clover, and twnothy. 


Average yield per acre. 


Treatment. 
Corn, Oats, Wheat, | Clover, |Timothy, 
9 years. | 5years. | 5years. | 4 years. | 4 years. 
Bushels. | Bushels. | Bushels. Tons. Tons. 
TAB OOYS, < ecetos S e eee CLN, i TaN a 65. 66 48. 24 27.98 ilo 7) 1. 81 
HVESIGUICSMLI Garris Cina ce Meme eon cio iisis nom mals 70. 16 47.08 31.16 1.63 21.43 
IMIG TOIT) lin a2 5 eee ere Race ee et ae ee een ert UE PAL 48. 34 29. 54 2.19 1. 90 
Covercrap manure ]iMes 5-5 dc cco es oee bec eos ceocee 76. 68 50. 20 31. 06 1.90 1.96 
ITO Sb o6 oo ae Ee ee OREO SOG aa ee anaes 71. 64 49. 50 30. 66 2.03 1. 96 
Mime Mbosphatrerocks eos t~ osennintsnn se ceseneecacc 78.57 54. 64 34. 66 2. 40 2.18 
Residu uesmlime: phosphatemock=-. = asscseeeeeeene ne. 79.68 50. 76 35. 22 1,90 21.50 
Manure, lime, p OSHA tenOC kee ee sect ee ceaaisiia tol 81.38 56. 80 33. 30 2.41 2.11 
Cover crop, manure, lime, phosphate rock........... 82. 93 53. 56 35. 32 OES PPA 
PIE TTA ays meets ama, 2 SS kid ele A 8 73.01 47, 28 28. 92 1.81 2.05 
Lime, phosphate rock, potash. ...........5........--. 80. 89 53. 48 34. 46 2. 53 2. 58 
Residues, lime, phosphate rock, potash.............- 81. 68 52.72 34. 74 11.40 21.87 
Manure, lime, phosphate rock, potash. .............. 81. 37 56. 36 32. 46 2.77 2. 
Cover crop, manure, lime, phosphate rock, potash... 83. 94 55. 50 33.96 2.73 2. 26 
ELMO ee pee e ms =e in Sc cussch Gace cote ganged 74. 23 49. 60 27.90 1. 82 2.10 
IRGSIGIDYES 5 = Sasa s sop Ge SE CODONCO OTE Eee se Cesc maees 72.32 49. 42 28. 82 1,82 21.67 
iResiduesiphosphate TOCks ase ance cee cece ccnic sec sudo. 76. 21 51. 62 33. 78 1.85 21.80 
Residues, phosphate rock, potash..............--.... 78.38 48. 44 36. 46 11,51 22.33 
Residues, lime, nitrogen, phosphate rock, potash. . 81. 59 56. 18 35. 95 11.21 22.83 
INGOT CH ryfesterastvatero stertwerers serenade oe ees ise we se gees ces 70. 82 51. 98 29. 04 1.55 2.08 
1 One crop only. 2 Average of three crops. 


While the results given in Table XI are favorable to the use of 
raw rock phosphate they are not tabulated in a manner which brings 
out the true effect of this material. Manure was applied only after 
the experiment had been under way for four years, and the residue 
(or grain farming) system also was not fully in operation for some 
years. The average yields of the plots on which “manure” and 
“residues” were apparently applied therefore include the results 
of years in which no organic matter was used. 

For more detailed figures on this experiment the reader is referred 
to Soil Report No. 7. 

Later this year (1913) the same authors’ published the results 
obtained with raw rock phosphate in two complete rotations (nine 
years) on the Fairfield experiment field, Wayne County, Ill. The 
soil of this experiment field is the common upland type of southern 
Hhnois, consisting of a gray silt loam on dense clay. The history of 
the field is not given. 

The experiment field was divided into four tracts of 10 acres each, 
“one half of the field, or 20 acres, is tile drained while the other half 
has only the ordinary surface drainage. On both the tiled and un- 
tiled land grain farming is practiced on one half and live-stock farm- 
ing on the other half. A part of each of these divisions is treated 
with 2 tons of limestone and 1 ton of ground phosphate rock per acre 
every four years.” No other commercial fertilizers were used. A 
four-year rotation was practiced on this field, consisting of corn, 
soy beans, wheat, and clover, each crop being grown every year on 


y 1Jll. Agr. Expt. Sta.. Soil Rept. No. 8 (1913). 
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one of the four tracts. The average results obtained in nine years 
for each crop on the tiled and untiled land are given in Table XIJ, 
which is compiled from four tables given in Soil Report No. 8 of the 
Illinois station. 

TABLE XII.—Average yields of corn, soy beans, wheat, and clover obtained on, 


four series of plots at Fairfield, Ill., in an experiment conducted for nind 
years (1905-1913, imclusive). 


Average yield per acre. 


Treatment. Soy 
Corn, eetas Wheat, | Clover, Oats, | Cowpeas, - 
8 years. | ¢ y rere 7 years. | 6 years. | lyear. | 4 years. 
Bushels. | Bushels. | Bushels. | Bushels. | Bushels. | Bushels. 
Residues, lime, phosphate rock...........- 36. 58 8. 23 13.79 0. 67 35. 8 6.08 
Cropresidues #75). ati ai ol Os PEs. 48 28. 90 6. 28 4.17 45 27.9 5.10 
Tons 
Marm-manure.-*- so ee Sets sk ie eso ectes 35. 54 6. 02 5. 21 0. 57 32.5 5. 68 
Manure, lime, phosphate rock............-. 46. 91 9.09 | 18.03 1.61 38.7 7.53 
| Bushels 
Organic manures, lime, phosphate rock... 41. 86 8. 67 15. 90 0. 82 Slee 6. 80 
Organic manures 2 4a ese eee aces 32. 21 6. 16 4.69 - 48 30. 2. 5. 40. 
Increase due to lime and phosphate 
TOC eee ere fees OX65a1 0 225 Tg AY . 34 7.0 1.75 


The authors state that the first four years of this experiment should 
be regarded as preliminary, partly because of the impossibility of 
obtaining full benefit from such treatments during the first rotation 
period,-and also because the system of returning manure and crop 
residues in proportion to the yields produced was not begun until the 
first rotation was completed. But even taking the average yields of 
the various crops during both the first and second rotations, it will 
be seen that the plots treated with large amounts of raw-rock phos- 
phate in connection with lime and organic manures produced consid- 
erably larger crops than those receiving no phosphate. The effect 
of the phosphate, however, was apparently more marked during the 
second rotation period, as can be seen by referring to the more de- 
tailed figures given in Soil Report No. 8 of the Ilnois station. 

Two experiments with raw-rock phosphate conducted over a period 
of five years were reported by Hopkins* in 1915. : 

One field at Ewing, Franklin County, consists of a gray silt loam 
on compact clay (prairie soil), the other at Raleigh, Saline County, 
is situated on a yellow-gray silt loam of the common upland timber 
type. The previous history of the fields is not given, however, nor are 
any data presented showing the uniformity of the fields or the size 
of the plots into which they were divided. Each field contained 4 
series of 10 plots each, and since a four-year rotation of wheat, a 
legume, oats, and corn was followed, each crop was grown every year. 
Both live-stock and grain systems of farming were practiced on each 
farm. 


1711. Agr. Expt. Sta., Circular No 181 (1915). 
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At the beginning of these experiments limestone was applied on the 
plots indicated at the rate of 5 tons per acre at Ewing and 6 tons 
per -acre at Raleigh; no further applications were made during the 
first five years of the experiment. Rock phosphate (finely ground) 
was applied at the rate of from 500 to 2,000 pounds per acre on the 
 ‘Mdifferent series and kainit at rates varying from 200 to 800 pounds per 
acre, with subsequent applications every four years. It is not stated, 
however, which plots received the maximum and which the minimum 
amounts of these materials. 

The average yield of each crop during the five years of the experi- 
ment is given below in Tables XIII and XIV. 


Taste XIII.—Average results of five years’ work on four series of plots at 
Ewing, Franklin County—Four-year rotation, consisting of wheat, cowpeas (or 
other legume), oats, and corn. 


Average yield per acre. 


Treatment. 

Wheat, | Cowpeas,| Clover, Soy Oats Corn 

5 years. | 3 years 1 year beans, BS years. | 5 ‘ 

y : y : year. 1 year y years 
Bushels. Tons. Ton. Ton. | Bushels. | Bushels. 
INGUGEe Boe tones tee 5 FET eo 5.1 0. 63 0. 20 0. 27 14.3 16.4 
NIGIDUDIRS + 5 Coes ae Se oe eee 6.7 -o2 24 -23 19.8 23.3 
iMamune times. bi Sis ser sets 12.0' - 88 -40 -47 23.0 28.9 
Manure, lime, phosphate rock.....---...-- 13.7 98 -81 53 25.0 30.3 

Bushels 
IN@i ed: Seas dada s ek sess tc tee es 4.3 11.46 .19 2.0 14.6 18.0 
Bushels. | Bushels. 
IR GSIOIDIGRD oS Re 8 oe ee eee eae 4.1 1.2 . 00 2.3 16.4 18.7 
Residues time}: 2524 Fh ce sas Ek ees 12.4 2.4 . 50 4.0 25.4 29.7 
Residues, lime, phosphate rock.-....------- 14.0 3.2 1.08 4.0 24.0 28.4 
Residues, lime, phosphate rock, potash... 20.7 4.0 75 4.2 27.2 31.7 
Ton. 

IN@ITG Bs BSE eR tara a ee eerie see 5.7 1.3 0.31 2.0 16.9 20.0 


4 1 One year only. 


TaBLE XIV.—Average results of five years’ work on four series of plots at 
Raleigh, Saline County—Four-year rotation, consisting of wheat, cowpeas (or 
other legume), oats, and corn, 


Average yield per acre. 


Treatment. 


Wheat, | Cowpeas,| Clover, oe Oats, Corn, 

5 years. | 2 years. | 2 years. ty ae 5 years. | 5 years. 

Bushels. Tons. Ton. | Ton. | Bushels. | Bushels. 
INGnetese) Saaaots de ceccececsece es ceedaccee- 8.6 P83 0. 33 0. 28 ates? We2 
CTT ESAS Sse Se SOIR eee ee ee ae 7.4 1.8 Bod) - 30 11.7 24.3 
Meminernimerecses = it Sa. PO oS cakes 16.5 4.2 . 67 . 26 19.9 34.9 
Manure, lime, phosphate rock............- 17.8 3.9 . 68 323 19.0 33.8 

Bushels. 

INIGINE: S03. aR eHoe eee eO ene Sees 6.9 ley f23 57 10.2 16.6 
L2GS US Ee Se a Eee eee ee 8.4 | Turned. | Turned. 2.5 12.8 21.1 
eestdites meme nic a eet eh colo c cee | 18.6 | Turned. | Turned 2.5 19.7 31.3 
Residues, lime; phosphate rock.......-.--.. | 20.7 | Turned. | Turned Dad 20.0 33.0 
Residues, lime, phosphate rock, potash..-. 21.9 | Turned. | Turned 1.8 21.1 34.3 
NIQHG E53 Ae fe et ee ee ee | 7.4 a beak (2) ot 1D. 16.4 


1 One year only. : 2No weight. 
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The average yields of the various crops as given in Tables XIII 
and XIV show little or no benefit from the application of phosphate 
rock, and where the plots so treated do show an average increase 
for certain crops this increase is practically no greater than the 
difference between the yields of the check plots. In an experiment 
of comparatively short duration, however, it is hardly fair to the 
difficultly soluble material (such as raw rock phosphate) to average 
the results as has been done in the above tables, since the figures so 
obtained give no idea of the cumulative effect of the phosphate treat- 
ments. As a matter of fact in these experiments the average finan- 
cial returns from the raw-rock plots during the last two years 
were over twice as great as in the first three years, seeming to indicate 
that increasing amounts of organic matter and more thorough dis- 
tribution of the phosphate were having an important influence in 
rendering the latter more effective in the soil. The author also points 
out the facts that the wheat crop in 1912 was a failure throughout the 


State and that the droughts in 1913 and 1914 were probably more - 


severe than ever known in two consecutive years in the southern part 
of the State. 

In January, 1916, Hopkins, Mosier, Van Alstine, and Garrett? 
reported the results of a number of experiments with raw rock phos- 
phate which included 11 years’ work on the Rockford field and 4 
years’ work on the Mount Morris field. Raw rock phosphate was the 
only phosphate fertilizer used in these experiments except what was 
contained in the manure and crop residues returned to the land. 

The Rockford experiment field is located about 3 miles from the 
city of that name in Winnebago County, Ill. The soil of the field is 
described by the authors as a brown silt loam of the Iowan glaciation. 
No data are presented showing the relative fertility of the various 
plots nor is any previous history of the field given in this report. 
The field, however, was divided into four tracts, which were further 
subdivided into 20 plots of one-tenth acre each. A four-year rota- 
tion consisting of corn, corn, oats, and clover (with soy beans substi- 
tuted in case of failure of the latter) was begun in 1904, each crop 
being grown every year on one of the four series of plots. It was 
planned to practice both grain and live-stock farming systems on 
this field, but neither system was fully under way until the later 
years of the experiment. In 1905, however, a legume cover crop 
was turned under on the plots indicated in three of the series and in 
1908 a second growth of clover was turned under on the fourth series 
for the 1909 crop. Manure was applied on the plots indicated once 
at the rate of 4 tons per acre. Since 1909 it has been applied accord- 
ing to the live-stock farming system already described. Ground 


1111. Agr. Expt. Sta., Soil Rept. No. 12 (1916). 
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limestone was applied to plots 1 to 15 at the rate of 1,300 pounds per 
acre in 1906 and again in 19138 to the same plots at the rate of 4 tons 
per acre. Raw rock phosphate was applied to the plots indicated 
at the rate of 1 ton per acre every four years and potash in the form 
of potassium sulphate was applied at the rate of 400 pounds per acre 
every four years.? 

The average results of 11 years with four crops is given in 

Table XV. 


TABLE XV.—Average resulis of 11 Years’ work on four fields at Rockford, 
Iil.—Four-year rotation, consisting of corn, corn, oats, and clover. 


Average yield per acre. 


Treatment. g 
Corn, Oats, Clover, wee Timothy, 
11 years. 11 years. | 7 years. 3 years lyear 
Bushels. | Bushels. Tons. | Bushels. Tons. 

Iban’ BS 9 Wik et ge S Nk A oe Ra ah SE a A ee oe RO 54. 64 57.98 1.83 9.65 1.65 
EVOSICUI OS tITMOt ern weeny Maninnt Spel ieee cera 60.75 61.18 11.22 10. 67 1. 66 
Manmretlinie: tetera ey iy it eT ee Re eee 68. 84 60. 76 1.96 14. 89 1.65 
@overcropemanure, lime... 2..c06cslesc 01 scdeccleee 66. 65 59. 50 2.04 14. 66 1.59 
nie eee | Se empha FO PEs Bays: 58. 83 54. 90 1.91 10. 90 1.59 
MIME TMHOSPHAtOLOCK joe fcc hc cmc sce dees ie njiee nace onc 61.94 61.59 2.14 11.94 1.44 
Residues, lime, phosphate rock..............-------- 66. 44 59. 85 11.96 14.19 1.52 
Manure, lime, phosphate rock................ss+-+-- viata 62. 22 2. 22 18. 64 1.47 
Cover crop, manure, lime, phosphate rock.........-- 69. 69 61. 86 2. 26 19. 69 1.45 
Lime HSS SA GEOE OS SE Cee SE nei TN re ar en 57. 03 57.18 1.84 16.78 1.47 
Lime, phosphate rock, potash -....-....22.2.5.00222- 69. 73 60. 86 2.36 13. 02 Ley) 
_ Residues, lime, potash, phosphate rock.............. 69. 82 61. 72 12.00 13. 48 153 
Manure, lime, potash, phosphate rock...........---- (Os 59. 73 2.38 18. 44 1.43 
Cover crop, manure, lime, potash, phosphate rock... 71.80 62. 89 2.45 22. 30 1.41 
Mee SE ee Fae: eee are ar Bs 8 Ee Ue Be Sa 60. 19 56. 30 1.85 TEAS 1.62 
HEUOSICU CSB eae ener ere aie bans c cherie a ie wider ace 64. 40 60. 16 11.94 13.10 1.65 
Residues: phosphate rocks 222.2 52222. S228 sk 67.30 61. 70 11.98 12.63 1.62 
Residues, phosphate rock, potash..-...-...........-- 69. 51 63. 78 11.94 12.01 1.45 
Residues, lime, nitrogen, potash, phosphate rock.... 73. 25 68. 82 12.08 13. 16 2.46 
INONG: hese Ssacs BS BS GOS Sao R EE aS Reese a tae Beene 54. 72 58. 83 1.89 10. 34 1.40 


1A verage of three years only. . 


Just as in the case of several other experiments the results as re- 
ported here fail to show the cumulative effect of the phosphate treat- 
ments; but even taking the average yield of each crop for the entire 
period the plots on which raw rock phosphate was applied show on 
the whole considerably better yields than those receiving similar 
treatments, but no phosphate. By referring to the original tables in 
Soil Report No. 12 of the Illinois station, which gives the results of 
each year in detail, it will be seen that the plots receiving organic 
manures and raw rock phosphate were on the whole considerably 
more productive during the later than during the earlier years of the 
experiment, indicating very strongly that the effectiveness of the raw 
rock phosphate was increasing. 

The Mount Morris experiment field? is located in Ogle County on 
a brown silt loam prairie soil. Only the results of four years on one 


1 At the beginning of the experiment, however, potassium sulphate was not applied to 
each series in like quantity 
2]ll. Expt. Sta., Soil Rept. No. 12, pp. 18-20 (1916). 
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series of plots and the results of two years on another series have 
been thus far reported, so they are not repeated in detail. 

Two experiment fields have been established at Urbana? to test out 
the fertilizer value of raw rock phosphate in both grain and live- 
stock farming systems. One field is on what is known as the “ North 


Farm” and one on the “South Farm.” The soil of both fields is € 


the typical brown silt loam prairie land of that region. 

The field on the North Farm was in three tracts, which after 20 years 
or more of pasturing had grown corn in 1895, 1896, and 1897 (when 
careful records were kept of the yields produced) and had then been 
cropped with clover and grass on one tract, oats on another, and oats, 
cowpeas, and corn on the third until 1901. The yields obtained in 
this preliminary period are not reported in Soil Report No. 12. It 
is probable, however, that the tracts were not at that time divided 
into plots, so the relative natural fertility of the 10 plots into which 
each series was divided for the subsequent experiment is not known. 

From 1902 up to the close of 1910 a three-year rotation of corn, 
oats, and hay was followed, and in 1911 two more series of plots 
were introduced and a four-year rotation of wheat, corn, oats, and 
clover (or soy beans) was followed on four series of plots for five 
years, while on the fifth series alfalfa was grown for five years. 

From 1902 to 1908, inclusive, phosphate was applied annually as 
steamed bone meal at the rate of 200 pounds per acre, but since 1908 
one-half of each phosphate plot has been treated with ground raw 
rock at the rate of 600 pounds per acre per annum—+the practice 
being to add and plow under at one time enough for one complete 
rotation. Potash was appled at the annual rate of 100 pounds of 
potassium sulphate per acre. 

In the following table only the average results obtained since the 
introduction of Ae phosphate-rock treatments (seven years) are 
given: 


2Tll. Agr. Expt. Sta., Soil Rept. No. 14, pp. 7-16, October (1916). 
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TABLE XVI.—Three and five year average yields per acre of corn, oats, clover, 
wheat, soy beans, and alfalfa, obtained on North Farm, Urbana, Ill., 1908- 
1915, inclusive. . 


Average yields per acre. 


1908-1910 1911-1915 
, Treatment. 


Corn, | Oats, | Clover,| Wheat,| Corn, | Oats, | ,°°¥. | Clover,| Alfalfa, 
3 years. |3 years. |3 years. |5 years. |5 years.|5 years. 4 1 year. |5 years. 


None.. gcascsosanponausogsoDE 49.4 40.8 2.30 22.2 53.9 46.3 1.60 2.50 2.21 
Cropresiduese 3.022 a. Sg 43.4 ]1(1.93)} 23.5 56. 4 47.8 |1 (21.3) | 1 (0.74) 1.85 
EAC RAE ee aac nino civic oe 69.3 46.2 2.53 24.8 63.6 54.6 1.68 2. 20 1. 68 
Residues, lime Pees GoW eke - 8.1 45.7 | 1 (2.02) 25.0 59, 2 49.7 |) (20.7) | 1 (1.08) 1.72 
Manure, lanes. =. 3,052 02 74.9 47.5 2.94 28.1 63. 4 57.3 1.72 2.81 2. 25 
Residues, lime, phosphate 

rock, 600 pounds........... 83.8 54.5 | 1 (2.64) 39.1 66.0 64.3 |! (22.6) | 1 (2.48) 3. 28 
Manure, lime, phosphate 

rock, 600 pounds........... 86.6 55.4 4.17 38.3 67.6 64.9 1.92 4.04 3. 25 
Residues, lime, phosphate 

rock, potash's:-:.--2..22-- - 86.7 53.5. | 1 (1.99) 38. 2 63.7 64.5 |} (24.2) | 1 (1.41) 3. 22 
Manure, lime, phosphate 

rock, potash. ..2. 22% 242..)... 90.9 53.6 3.90 37.4 64.6 69.3 2.09 3.91 3.31 
Manure, lime, phosphate ° 

LOCK ee ee ee pee sok 81.3 54.3 3.79 42.9 61.0 7255 2.19 4.24 3.45 


1 Bushels of seed. 


The plots receiving phosphate treatments in every instance gave 
substantially greater average yields than those on which no phos- 
phate was applied. These increases, however, can not be entirely 
attributed to raw rock phosphate, since the previous applications of 
steamed bone meal no doubt influenced considerably the crop yields. 
The results of one or more additional rotations should be obtained 
before it is wise to draw conclusions from this experiment. 

On the South Farm, at Urbana, a four-year rotation is practiced 
on two series of plots. Raw rock phosphate has been applied at the 
rate of 500 pounds per acre per annum and ground lmestone at the 
rate of 8 tons per acre once in 1910 and 1911. Beginning in 1912 
the subsequent applications of limestone were at the rate of 2 tons 
per acre every four years. 

The average results of 12 years’ work on two series of plots on the 
South Farm are given below in Table XVII. 


TABLE XVII.—Average annual yields of crops grown in a four-year rotation on 
two series of plots on South Farm, Urbana, Ill., 1903-1915, inclusive. 


Average yield per acre. 


Treatment. 

Corn, Oats, Wheat, | Clover, | Soy beans, 

7 years. | 7 years. | 7 years. | 3 years. | 2 years. 
Bushels. | Bushels. | Bushels. | Bushels. Bushels. 
Residues: phosphatemocke. 6 3 s.8.s.esecsee <cicesese = = 60. 2 40.6 40.4 0.71 LY 
esidues phosphate LOCK... 9. -<-..- 40. ----+-- 222 -- 59.1 39.5 38.7 115 1155 14.9 
EVOSIC OS ete Sees eo se - a ua ee ae 50.6 35. 9 28.5 1.30 13.0 

Tons. Tons 

URES TUT spare a eg te NC in na cata ovale ctayess ys 54.6 36.6 28.7 2.12 1.0 
Manne, phosahate rock... 2a.2--222--- cee - = 2 ee ne 59. 1 38.8 41.2 3.94 1533 
Mantne- phosphate nock....4e2 . seh esee Sener eee 60.9 38.8 42.0 3.99 1.4 


ee 
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TABLE XVII.—Average annual yields of crops grown in a four-year rotation on 
two series of plots on South Farm, Urbana, Ill., 1903-1915, inclusive—Contd. 


3 years. | 2 years. | 3 years. ee 2 years. 

, : Bushels. 
Residues, lime, phosphate rock!..__.............--- 62. 4 53.6 4759) aes 163.7 
Residues, lime, phosphate rock 1.._...........-.---- 61.5 52.8 4655 4 aes Bone 12.3 
A RASSSNKO NB KEXSS Us 3 AUS Sap Be aime ERNE CC) = co Se Gara ry 53.8 42.7 QS G4\ ceeee eee 10.7 

Tons. 
Mente let ya te cee 2. ois nee sets chee actos 58. 4 47.6 295155 | ie See 0. 84 
Manure, lime, phosphate rock! ........0........--- 63.0 48.5 49.4 )| 2c sccpes Tb ale 
Manure, lime, phosphate rock!....................-- 63. 2 50. 2 os PSS fee Shs od 1.34 


1 Plots on which lime was applied were not introduced into the experiment until 1910. 


The results of this experiment point very strongly to the conclu- 
sion that raw rock used in liberal amounts in connection with organic 
manures is effective in increasing crop yields. But hke many other 
experiments no data are reported which allow one to determine the 
relative efficiency of raw rock and acid phosphate. 

In April 1916 Hopkins? reported the results of three long-time ex- 
periments at Cutler, Odin, and Mascoutah, in southern Illinois. 
These are the only experiments reported by Hopkins of Illinois work 
comparing the fertilizer value of steamed bone, acid phosphate, 
ground raw rock phosphate, and basic slag. Crop residues were re- 
turned to the land and potash and hme applied. At Odin and Mas- 
coutah only half of each plot was limed. Fertilizers were applied 
once during each rotation in sufficient quantity to supply annually 
200 pounds bone, 333 pounds acid phosphate, 666 pounds raw rock, 
and 260 pounds slag (equal money values at that time). The results 
of the experiments are given below in Tables XVIII and XIX. 


TABLE XVIII.—Average yields of corn, oats, wheat, and hay in two long-time 


experiments. 
Odin field (1904-1915). Mascoutah field (1904-1913).2 
Treatment. 

Corn, Oats, Hay, Corn, Oats, Wheat, 

3 crops. | 3crops. | 6crops. | 4crops. | 2crops. | 2 crops. 

Bushels. | Bushels. Tons. | Bushels. | Busheis. | Bushels. 
Residues, lime, bone, potash...........--- 33.9 47.8 1.30 45.4 38.6 26.3 
Residues, bone, potash. ......-..---------- 31.4 50.9 . 94 48.6 42.6 25.9 
Residues limes potash ce ac-n--ee-eee 26.7 43.9 1.07 38.9 37.2 23.6 
RVesiduesMp ObaSWer =e -mye see se se eae 27.6 43.9 . 64 39.7 27.3 22.6 
Residues, lime, acid phosphate, potash... . 30. 2 43.5 1.19 44.0 37.0 25.4 
Residues, acid phosphate, potash.....-...- 29.9 52.8 SUE 40.2 42.2 Dok 
Residues, lime, rock phosphate, potash.... 32.3 48.4 1. 28 47.2 38.9 26.7 
Residues, rock phosphate, potash...----.- 27.0 52.2 5 (2 45.6 37.4 26. 2 
Residues, lime, potash...¢.....----------- 27.3 48.1 12 38. 4 40.5 25m 
IReSIGUeS, OLAS DNs eset ace nee ees 21.7 41.1 -61 38. 6 31.0 20.7 
Residues, lime, basic slag, potash.......... 32a 55.8 Pad 45.6 43.0 26.5 
Residues, basic slag, potaSh...-.........-- 27.3 50.3 . 78 47.8 33.8 25.8 


171]. Agr. Expt. Sta. Circular No. 186, April, 1916. 
2 Crops of legumes turned under in 1908 and 1911. 


dal 


EXPERIMENTAL WORK WITH RAW ROCK PHOSPHATE. 43 


TABLE XIX.—Average yields of corn, wheat, legumes, and oats, Cutler field. 


Average yield per acre (1904-1915). 


Treatment. 
Corn, 4 Wheat, 3 | Legumes,1} Oats, 2 
crops. crops. crop. crops. 


: Bushels. Bushels. Tons. Bushels. 
Residues, limes bone, potash 2626 e5--2. 625s. - cess ce 34.9 25st 2. 74 27.1 


Residues Mines potas. - o/s Beco cca os since aaisie 38. 4 16.9 2a 31.6 
Hamerspotasht tery. F312 5.500. L REE A oe Se oo I 36.9 16.3 1. 80 25.5 
Residues, lime, acid phosphate, potash................. 36. 0 28. 7 2.52 28.8 
imme; acid phosphate, potash. -! 2.1... ..-2--2... 226s] 37.1 26. 6 2. 40 31.8 
Residues, lime, phosphate rock, potash ................ 42.2 25.8 2. 51 24. 6 
Lime, phosphate rock, potash... 2.2.2.2. .e eee ccc cece Sie 18.5 2. 06 29.3 


In almost every instance plots treated with ground raw rock 
phosphate gave noticeable increases in yield over the check plots, 
and at Odin and Mascoutah showed to better advantage than the 
acid phosphate plots. At Cutler the acid phosphate plots appeared 
to greater advantage. However, none of the phosphate treatments 
gave very large increases, and, as Hopkins says, “ These investiga- 
tions have shown that phosphorus is not the factor which first limits 
the crop yields on these southern Illinois soils, both limestone and 
organic matter being of greater initial importance.” Owing to the 
adverse climatic conditions during the latter part of the experiment 
it is impossible to tell whether or not any cumulative eifect can be 
attributed to the use of raw rock. | 

The data presented in the 12 field experiments with raw rock 
phosphate conducted by the Illinois station and considered here in 
detail point pretty strongly to the conclusion that this phosphate 


carrier increases crop yields very materially when applied liberally. — 


Since raw rock was compared with other phosphates in only 3 
of the 12 experiments, and on fields where phosphoric acid appar- 
ently was not the limiting factor, the work hardly appears to justify 
a comparison of the relative merits of the different phosphate 
carriers. | 


INDIANA. 


The first mention of the use of raw rock phosphate as a fertilizer 
made by the Indiana Experiment Station was in 1896, when phos- 
phatic marl containing from 10 to 12 per cent of phosphoric acid 
was tried on two series of wheat plots of one-twentieth acre each. 
The short duration of this experiment (one year), however, and the 
little data presented make the results relatively unimportant. 

Two experiments with raw rock phosphate were described by 
Goss? in 1907 and several others by Abbott and Conner ?* in 1912, 


1Ind. Agr. Expt. Sta., Bul. No. 61, p. 64 (1896). 
2Ind. Agr. Expt. Sta., Circular No. 10, pp. 9-11 (1907). 
3Ind. Agr. Expt. Sta., Bul. No. 155 (1912). 
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but none of these were conducted for a period of more than four 
years, so the results are not considered in detail. 

All the other experiments with raw rock phosphate conducted by 
the Indiana station are described and discussed by Wiancko and 


Conner’ in a recent bulletin entitled “Acid Phosphate versus Raw _ 


Rock Phosphate as Fertilizer.” 

Two of these experiments, one at Littles, in Pike County, and 
the other at Scottsburg, Scott County, were begun at the same time 
(1905), and are similar in every respect. There are three series of 
plots of one-twentieth acre each, and a three-year rotation of corn, 
wheat, and clover has been practiced, so that each crop could be 
grown on one series every year. “ When the clover failed cowpeas or 
soy beans were substituted. The land was plowed once in three years 
for corn, except when clover failed, when it was also plowed for 
soy beans or cowpeas. The wheat was drilled on disked corn stubble 
and the clover seeded on the wheat in the spring.” The various fer- 


tilizers were all applied to the wheat in the first round of the rotation, ~ 


the treatment being as follows: Manure at the rate of 10 tons per 
acre, raw rock at the rate of 1 ton per acre, and acid phosphate drilled 
with the wheat at the rate of 150 pounds per acre. After the first 
rotation manure was again applied at the same rate on every corn 
crop and acid phosphate on every wheat crop. A second ton of 
raw rock phosphate was applied for corn and cowpeas in 1911 and 
1912. Both fields were limed in 1911 at the rate of 2 tons of finely 
ground limestone per acre. While there were three check plots in 
each of the three series, the various fertilizer materials were repre- 
sented by only one plot in each series. . 

The field at Littles is nearly level with a slight slope running 
lengthwise of the plots. The soil is described as a yellowish brown 
silt loam of medium fertility. The phosphoric acid content as de- 
termined by analysis is 0.13 per cent. 

The Scottsburg field is alshost level on one series, but rises grad- 
ually through the two other series of plots. The soil is Volusia silt 
loam and is considered of low fertility. The total phosphoric acid 
content as determined by analysis is less than 0.1 per cent. The 
average yields of the three crops on both fields during the 10 years 
of the experiment are given in Tables XX and X XI. 


1Ind. Agr. Expt. Sta., Bull. No. 187, vol. 18 pp. 1055-1082 (1916). 
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TABLE XX.—Average yields of corn, wheat, and lequmes obtained in a 10-year 
experiment on three series of plots at Littles, Pike County, Ind. (1906- 
1975). 


| Average yield per acre. 


Legume 
Treatment, Corn, 8 crops. Wheat, 10 crops. 3 crops. 
Ear corn.| Stover. | Grain. Straw. Hay. 

See ST RNR See Meee AN Ws (oS SA Wh Ser 

; Bushels. | Pounds. | Bushels. | Pounds. | Pounds. 
LI ULES oe oo SRR ee eee eRe a a Se a 41.8 3, 298 13.3 1,149 3, 987 
Aeidepnosphates150 pounds lee... cote a tanec ence 41.9 3, 288 15.0 1,407 4,353 
uek phosphate, Pion) Lh 1.222. ic bi cctce eee ee ece 39.2 3, 030 14.7 1, 293 3,913 
IN GHAI GES Boe Cee SS SOC OE OIRO Ce Eee ae ar aera e 37.7 2,990 13.7 1,122 3, 767 
Rock phosphate, 1 ton; manure, 10 tons! ...........| 46.9 3, 435 18.6 1,769 4, 930 
ju VAT TG es OF Ce a 47.4 3, 698 18.4 1, 769 4,043 
Nothing .......... SScocnecsdocdscaccaGsesnesoeccasese 41.0 3, 427 14,9 1,491 3, 793 


1 Per rotation. 
2 Rock phosphate applied at the above rate twice during 10 years. 


TABLE XXI.—Average yields of corn, wheat, and legumes obtained in a 10-year 
experiment at Scottsburg, Scott County, Ind. (1906-1915). 


Average yield. 


Treatment, Corn, 8 crops. Wheat, 10 crops. nea 
Ear corn.} Stover. | Grain. Straw. Hay. 


| Bushds. Pounds. | Bushels. | Pounds. | Pounds. 


IN @UITES . 2 ccc hens Soece doce cacnoSdoeeoUcCoSEuaEoec] 25.1 2,366 9.2 862 749 
Acid phosphate, 150 pounds!..-_.--- 2.22. cece eee 34. 3 2,81? 15.6 1,392 1,412 
UA eKaPNOSP Mabe wl OOM ae eke oclewe oma ceesscciinese=s | 40. 4 2, 988 13.9 1,311 1,396 
INOtHING = ate aseccncso she Oar SE eeN Ee SaaS EC ee res | 30. 5 2,578 10.2 992 1,291 
Rock phosphate, 1 ton; 2 manure, 10 tons!. ........-.. | 51.2 4,114 20.8 2,138 - 3,151 
[Mamtirer nt OL ONS tae maaan sono sae ston cis asic cicccensasic| 50. 5 4,025 20. 0 2,073 3, 065 

30.5 2, 583 10. 4 1,061 1,523 


Ie pints awececsdoe occa ees acces See Ee 


1 Per rotation. 
2 Rock phosphate applied at the above rate twice during 10 years. 

The average results of 10 years’ work on the Littles field are not 
very satisfactory, since the difference between-the average yields of 
certain check plots is greater than the difference between the checks 
and the plots treated with phosphates. Moreover the yields of all 
crops (except the legumes) on some of the checks were practically as 
. good and in some cases better than the yields on the plots treated with 
phosphates alone, indicating that the soil was not very responsive to 
phosphate treatments. Only in the case of the legume hay did acid 
phosphate seem appreciably more beneficial than raw rock; in fact, 
it was on this crop only that the former appeared at all effective. 
More significant increases in the yields of legumes were obtained, 
however, on plots receiving manure reenforced with phosphate rock. 

On the Scottsburg field the effect of phosphate treatments seemed 
much more marked, the average yields of the fertilized plots being 
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well above those of the checks. In this experiment the raw-rock plots 
gave average yields comparing favorably with those treated with acid 
phosphate. 

The writers feel, however, that the method of application used in 
these experiments hardly admits of a fair comparison of the relative 
merits of ground raw rock and acid phosphate. Nearly three times 
the amount of money was invested in raw rock during the 10 years as: 
in acid phosphate. This means that in order to show a profit com- 
paring favorably with that obtained on the acid-phosphate plots 
the increases in yield from raw-rock plots must be three times as 
great. On a field showing little or no response to phosphate treat- 
ments (such as the Littles field) it appears to the writers unwise to 
attempt to compare the two forms of phosphoric acid when the rock- 
phosphate plot was so heavily handicapped. Considering now the 
Scottsburg experiment, the only instance where there is any signifi- 
cant difference shown between the yields of the plots receiving the 
two forms of phosphoric acid is in the corn crop, where the average _ 
yield of the raw-rock plot was considerably greater than that of the 
plot treated with acid phosphate. | 

Four other experiments with raw rock phosphate undertaken by the 
Indiana station are described in this same paper, but none of them 
cover a period of over four years, so they do not warrant detailed 
- discussion. 

The work of the Indiana station on the whole, while not conclusive, 
gives evidence of increased crop yields resulting from applications of 
raw rock phosphate. Under the conditions of the experiments any 
attempt to form conclusions concerning the relative merits of raw 
rock and acid phosphate seems unwarranted. 


< 
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KENTUCKY. ¢ 
: 


The first data of the Kentucky station pertaining to the use of raw 
rock phosphate as a fertilizer were published in 1899.1. They con- 
sisted of the results obtained from a one-year experiment with 
various phosphate carriers on wheat. 

The same cooperator continued the experiment the following year,? 
but employed a different field and discontinued the application of 
ground rock phosphate. The results of this experiment are not re- 
peated here. 

{In 1912 the Kentucky station in cooperation with the State Geo- 
logical Survey published a paper® containing the results of three 
series of pot experiments with a yellow silt loam of rather low 
phosphate content. In series 1 and 3, pots of 4 gallons capacity were | 


Hidguyhiaet 


iKy. Agr. Expt. Sta. Bull. No. 83, pp. 35-38 (1899). if 
2Ky. Agr. Expt. Sta., Bul. No. 89 (1900). 
®Ky. Agr. Expt. Sta., Bul. No. 162 (1912). 
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employed containing 30 pounds of soil each, and in series 2, pots one- 
half this size (2 gallons) containing 15 pounds of soil were used. 
Series 1 was planted to tobacco the first year, followed by oats the 
second year. Series 2 was planted to clover the first year, followed 
the second year by tobacco. Series 8 was planted to wheat the first 


year and to clover the second year. 


In each instance after the first crop was harvested the soil was 
dried, emptied out of the pots, mixed thoroughly with the fertilizers 
for the following crop, and then returned to the pots. The results of 
these experiments are given in part in Tables XXII, XXIII, and 
XXIV. 


TABLE XXII.—Yields of tobacco and oats obtained in pot tests with various 
fertilizers. 


SERIES IL.—TOBACCO (4GALLON) POTS), 


Yield of 


Applica- Wb 
oe : stalks and | Increase Relative 
Fertilizer. nee 19s lea yes per | per pot. increase. 
(0) 
Grams Grams Grams Per cent 
INOTIO BH ee crane rae Seto Sas cote cle sie slob of bee cies Mees cen eos eee leks Ue Bod BOOBS A eeaoA ineoe oad cas 
GIT CS LOC Be eres le erat oe a orc wists cia cnizinccgias 15.0 12.0 —1.75 —1194,7/ 
Dissolved bone (24 per cent P, O5) eeae cscs sete en aes 3.8 10.3 —3.75 —27.2 
ROcksMhoOsphatessyac-cesocek cco s Soke ttle sje eeu seteansee 20.0 13.2 —0. 55 — 4.5 
Manure SU 6s SOuGG SORE RES SE Ge Seen SSE eee aes Rick, Stele 35.0 9.7 —4.05 —29.4 
JS Ga BBS E OB OO ODE SE Ea SEI oe ee ee eae 35.0 . 
Rock hOsSpliat eee Ms est EE 6 bo edgcc cette 20.0 } 10.3 Sent ~25e1 


SERIES I.—OATS (AFTER TOBACCO). 


Whole crop. Grain, 


Fertilizer. tion per : 
pot. Yields | Increase} Yield | Increase | Relative 
per pot. | per pot. | per pot. |.per pot. | increase. 


Grams Grams. | Grams Grams Grams. | Per cent 
INIMAO SaGk SOS CSRS ee eae ee | (ogg WATE DE tee em aes BOM is 255 Pee 
FIIMEStONG:. sae seer cnt. eek cee 15.0 61.0 13.5 13.5 3.4 33.6 
Dissolved bone (24 per cent P.O;).-.....-. Sa 83.0 35.5 15.0 4.9 48.5 
Rock. phosphatess-2@ tesa oo cee scat cee 20.0 68. 5 21.0 13.4 3.3 32.7 
enure ee Re ee ae tee isiaie cine Bla nloe ce cis 35.0 93.5 46.0 16.5 6.4 63.4 
ee eee a rodeo csisie ee teteelecesd 35.0 r 
Rock phosphate eae eS Me ARP RS 20 0 84.0 36. 5 15 4 5 3 52.4 


1 Average of 2 pots. 


TABLE XXIII.—Yields of clover and tobacco obtained in pot tests with various 
fertilizers. 


SERIES I1.—CLOVER (2GALLON POTS). 


li 3 ee In Relat: 
+): Application| o ee crease elative 
Fertilizer. a pot. cuttings per pot. | increase. 
per pot. 
Grams Grams Grams Per cent 
None........ Lean ss een eam ee kd SSRN IGS. ich SER GiOmI RS 253 ea RES ee eee 
EATITOS LOM Obert rae noe inctsoiclnccisisles siciwiseoiew 7.5 20.4 4.4 Diao 
MISSOlVedeh One Het ei ho) ain ds eee Ween cess on cebe doce 1.9 32.1 16.1 100.6 
ae eS Cesphate pe ee ee RMN a Oe ord ARE eosin sisiceisie ole 10.0 30.8 14.8 92.5 
Soot St ee ee ee a ee ee ee ee 17.5 Door 9.7 60.6 
Rock p ee nephate ween cece cee ween ee eee ee ecco ene re \ 27.6 AG 72.5 
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TABLE XXIII.—Yields of clover and tobacco obtained in pot tests with various 
fertilizers—Continued. 


SERIES I1—TOBACCO (AFTER CLOVER). 


Stalks and 


was Application Increase Relative 

Fertilizer. per pot. ore per pot. increase. 

Grams Grams Grams Per cent 
INONC heiress ac nce s oacc vo sceee meer meresscoue 4 coos ance Weemmcccnase EO.70 |e xce cece cel cece eee 
PAMESTONCLE S532 sos 25 OS Se eet eee Se 7.5 5.00 1.25 33.3 
DISSOMVeGSUONCe- 2S ..csk.c oes cose ete cce sec aetee r.9 4.60 -85 ONG | 
PreckspnespualGs: —---.. 2-552. 0s Pee - ee ee 10.0 7.40 3.65 97.3 
IMEATIVIRG Op teers oe Soa noc.n 8c Cea ee eeiee een eee hee 9.50 5.75 153.3 

1D) Os Bis 2 ER oe ke hwo cee tees fee eee F FS 

ROG NOSNIAIO. s cod cGS See senookcce sodas ascsne esse 10.0 \ — 2-2 a 


1 Average of two pots. 


TARLE XXIV.—Yields of wheat and clover obtained in pot tests with various 
fertilizers. 


SERIES III.—WHEAT (4-GALLON POTS). 


Whole crop. Grain. 
Applica- 
Fertilizer. tion per 
pot. Yield | Increase} Yield | Increase | Relative 


per pot. | per pot. | per pot. | per pot. | increase. 


Tn 


INGHG 2s shes tee Bete ee SERS pee Bel ese ae U3 4. Oo eS ec ee ee ee 
Dissolved hone: 252 4 = one Se 3.8 44.6 9.7 14.6 2 22.7 
Rock phosphatercanm sss ss aso ces eee 20.0 45.6 10.7 15.7 3.8 31.9 
Man Uinee ten aoe es oe eae eee 35.0 | 44.5 9.5 16.2 4.3 36.1 
Do. - -----.-- 2222-2222 esses eee eee ee Balls lo ges 1.4 14.9 3.0 25.2 
FROCK phosphate =aer as. 5. =a sen aa 20.0 | : 3 : 7 = 


SERIES III.—CLOVER (AFTER WHEAT). 


Applica- Weight | Weight ; 
Fertilizer tion per of first | ofsecond| Total | Increase | Relative 
: cutting | cutting | per pot. | per pot. | increase. 
m : per pot. | per pot. 


— | — |) | | | EE 


Grams. | Grams. | Grams. | Grams. | Grams. | Per cent. 


IN'ONG Sa ee ER es See ee Se pee ae 113.8 | oe chsh oe ee ee eee 
Dassolvedthbone®.{ 2. sek es oe ee 3.8 45.3 24.6 70. 4 41.05 139.9 
Reck phosphate: -- 52 5.0.4. Sate e 20.0 32.2 21.0 53. 2 23.85 81.3 
ETT Ge SA es Oe ee 35.0 46.5 25.0 71.5 42.15 143.6 
Ve Masta sae Se Go reeoosece ces -SheecSsse ane 35. 0 ~ - - 
Hock PHOSPHALCree neces see eee 20.0 36.5 24.5 61.0 31.65 107.8 


1 Average of two pots. 


It will be noticed that the. pots receiving applications of phos- 
phates, whether water soluble or relatively insoluble, gave consider- 
able increases in yield over the untreated pots, except in series I, 
where tobacco was grown the first year. 

The soluble phosphate on the whole gave somewhat better yields 
than the ground rock, although the latter material was applied liber- 
ally. In the second year of series II, however, when tobacco was 
grown, the ground-rock pot gave a much greater yield than the pot 
treated with acid phosphate. Contrary to what one would expect, 
the pots treated with a mixture of rock phosphate and manure gave 
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lower yields in nearly every case than those treated with manure 
alone. In three out of six cases ground rock alone exceeded a mix- 
ture of ground rock and manure. 

In this publication the authors state that these experiments were 
to be continued, but no further results of the tests have yet been 
published. 

In 1914 the Kentucky station, in a bulletin on “Alfalfa and Sweet 
Clover,”* gave the results obtained in a single season with these 
crops when treated with raw rock and acid phosphate, but since the 
work was not continued beyond one year and the data given are very 
limited the figures are not repeated. 

In 1915 and 1916 Roberts? published the results of an experiment 
conducted at Burnside, Pulaski County, which had been running 
since 1908. The field used lies on a hillside of moderate slope. The 
soil consists of a badly worn limestone clay, very low in organic 
matter, which had produced poor crops for a long time; practically 
no manure had been returned to it for many years. In 1908, less 
than 34 bushels of wheat per acre were produced on this field, 
although it had received 200 pounds per-acre of an 8-2-2 fertilizer. 

In the summer of 1908, after the wheat was harvested, the field 
was laid out in six plots of one-fourth acre each, and the following 
fertilizers were applied on the unbroken ground and plowed under: 
Phosphate rock, 2,000 pounds per acre; acid phosphate, 800 pounds 
per acre; muriate of potash, 400 pounds per acre. Cowpeas were 
then sown and later turned under. The plots were then planted to 
rye and vetch, and while the latter crop failed the rye made a good 
growth. In the case of both cowpeas and rye the acid phosphate 
plots gave greater yields. 

No more fertilizer was apphed until 1911, then a heght dressing 
of manure was added to each plot, equivalent to what the corn and 
oats crops of each plot would make. In 1912 another such applica- 
tion of manure was added to the plots in addition to the same ap- 
plications of fertilizer materials as in 1908. In the spring of 1914 
a uniform dressing of nitrate of soda was applied to all plots because 
wheat was so backward. Manure was again added at the same rate 
as before in 1915, and potash and phosphates at one-fourth the rate 
previously employed. 

The results of seven years’ work are given in detail in Table XXYV. 


1Ky. Agr. Expt. Sta., Bul. 178 (1914). 
2Ky. Agr. Expt. Sta., Bul. No. 191 (1915); Bul. No. 199 (1916). 
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TaBLE XXV.—Results of seven years’ work on Burnside experiment field 
(1909-1915). 


Yield per acre. - 


Applica- 
Fertilizer. tion per Soy- 
acre.! | Corn, Oats, | Clover, | Corn, bean | Wheat, | Corn, 
1909. 1910. 1911. 1912. hay, 1914. 1915. 
1913. 
Towne s.| Bushels.| Bushels.| Pounds.| Bushels.| Pownds.| Bushels.| Bushels. 
Rock phosphate...-.-....... 2, 000 
SO eer gta ri } 3.8 9.3| 2,436] 32.9] 1,688 11.9 34.8 
IN GIT s ee we ane ee ee | Se yee en 9.0 9.0 668 9.5 628 200) 4.9 
Acid phosphate.............. 800 | = ; 
Paci eee ee 400 14.3 11.9 2,168 45.7 2,272 19.2 46.6 
Acid phosphate eages sees a 800_| aya 13.6 2,328 43.5 2112 18.1 50.9 
INO Bhima oe re eee ey erence | 20. 4 14.0. 1,292 30.3 1,176 G3 ba oie gd ES 
Potashis) jose eccspoceeet- a 400 | 11.9 10.5 764 17.6 560 Ley 5.3 


1 The fertilizers were applied at rate per acre stated in summer of 1908, again at the same rate in 1912, 
and at one-fourth the above rate in 1915. 
2 The station states that this plot should not be considered a check plot. 


While the plot treated with raw rock phosphate and potash gave 
yields below and no better than the check plots in 1909 and 1910, 
respectively, from then on it forged ahead rapidly, indicating that 
the crops were benefited by the phosphate treatments after the latter 
became more thoroughly distributed in the soil through cultivation. 
The yields of the acid phosphate plots, however, greatly exceeded (in 
all but one instance) those of the raw-rock plot, even though the less 
soluble material added over four times as much phosphoric acid to the 
soil. While no data are given showing their relative natural fertil- 
ity, it is said that the raw-rock plot was handicapped by being 
naturally less fertile than the other plots in the experiment field. 

The results of six other experiments comparing acid phosphate 
with raw rock phosphate, conducted for periods of from three to 
four years in various parts of the State, are given by Roberts in this 
same bulletin. Their limited duration, however, coupled with the 
fact that the weather conditions were very bad during two of the 
years, render detailed considerations of the results unwarranted in 
this paper. 

The data presented by the Kentucky station are insufficient to be 
conclusive, although the results of the field experiment cited did 
indicate that raw rock, while inferior to acid phosphate, increased 
crop yields after the lapse of a year or more. 


LOUISIANA. 


Of the 18 experiments with ground rock phosphate or “ floats” 
carried on by the Louisiana Experiment Station, 101 were conducted 
through periods of from one to four years. These are not repeated 
in detail. 


i1La. Agr. Expt. Sta., Buls. Nos. 3, 4, 6 (1886); 7, 8, 11 (1887); 14 (1888); 20 
(1889) ; 28 (1890) (old series). Buls. Nos. 8 (1891); 14, 16 (1892); 26, 29 (1894) 
(new series). 
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In 1889, however, the North Louisiana Experiment Station, at 
Calhoun, La.,1 began a five-year experiment to test the effect of vari- 
ous phosphatic fertilizers (alone and in combination with other ma- 
terials) on cotton. The results were published year by year, but 
in no bulletin is there a table giving the complete results for all five 


years, They have been consolidated by the authors in Table XX VI. 


Neither the size of the plots nor the character of the soil used in 
this experiment are mentioned, but the soil at the station is said to 
be on the whole sandy. The field was plowed during the winter 
of each year, the fertilizer drilled in in the spring, and the seed 
planted shortly afterwards. The crop was cultivated and hoed sev- 
eral times during each growing season. 

The climatic conditions during the third and fifth years are not 
described, but during 1889, and in July and August of 1890, droughts 
somewhat handicapped the crops. In 1892 late planting and ex- 
cessive rains seriously affected the yields for that year. 


TABLE XXVI.—Resulis obtained in the growing of cotton on plot No. 2 
(Calhoun, La.) (1889-1893). 


: Yield per acre of seed cotton. 
Applica- 
Fertilizer. tion per 


acre. 1889 1890 | 1894 1892 1893 


_—_— 


Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Pounds. 


PeueStep er 2 eae. a scwcea en =~ 80 1,520 1,810 | 1, 860 730 1, 250 
Dissolved bone black. .....-.--------- Back 160 1,630 1,770 1, 870 820 1, 240 
EEASa leet MTG fos eee 2 So ee ae c- 600 | 1,970 1, 800 1, 780 710 1,540 
Basal ELLE eG GT oo i ae pi ran G 2 2 133 2 2 215 2Q9. 2 
mussolved hone black ==. s.-.-..seeces =~ 2 - { aon thre 2 90 Breen ee 7920 1, 645 
TAOTOQ TS 222 Se eS se ee eee see er aae ease 80 1,390 1, 620 1,710 760 1,320 
PRETOIPHOSPH ALC hase seen ees = == sce 160 1,350 1,680 | 1,620 780 1,160 
BeasalgnextUnTe ss a= e soe es = eon - = == 600 1,720 1,870 1, 700 920 1, 450 
in 2 TERT. 2 ce eek oo esac ade See Sees Pee eoee nae 1,010 1,210 1,380 520 960 
Basal mixture !...-..--------------------- ae wads ihe Saat ; f 2 
ermdimhosphate. -..5=2-------+--j--------- { ae Viegas 50 » 760 | 1,735 680 1, 285 
Fore cas a eee eee 160 | 770 | 1,180| —_ 1,380 590 890 
ISeG0) Tai = 5 ae sense scenes 600 | 1,170 1,370 1,480 660 1,170 
TS yeet Tine ne 5a Ae ae eat ” ) é : ‘ Pf t ng : 
Pei et eee Pky i { ek | 1,305 2-1, 335 1, 545 700 1,130 
2 CUS vin ie ee 160 | 480 690 1,030 460 610 
ASS IEXGULG sae nee wl as see sea 600 | 920 1,100 | 1,190 560 1,100 
TEST) THINGS Sse ee ee ee ee 600 | leave? 
2 835 2 5 55 2 2 

PirrS 3: See a ee { 5G 835 1,015 1, 255 680 880 
IS GERRI SE S55 soe eos he Ss seco Sesose | w27 2 JAS aS | 330 630 730 380 470 


1 Basal mixture = 480 pounds cotton-seed meal and 200 pounds kainit. 
2 Average of two plots. 


Tt is apparent that the plots of this experimental field were far 
from uniform. Moreover, small applications of raw rock phosphate 
(160 pounds per acre) used on continual cotton without incorporat- 
ing more organic matter in the soil than was supplhed in the basal 
mixture employed in this experiment could hardly be expected to 
produce marked effects on the crop yield. 


1a. Agr. Expt. Sta., Bul. No. 27 (1889) (old series). Buls. Nos. 8 (1891) ; 16 (1892) 5 
26, 29 (1894) (new series). 
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In 1889 the North Louisiana Experiment Station began a number 
ef experiments with corn.t One of these had for its object the 
testing of the effect of various phosphatic fertilizers alone and in 
combination on the crop yields. This experiment was carried on for 
five years, but the raw phosphates were not introduced until the 


second year. The results obtained each year were published inf 


separate bulletins,? but for the sake of brevity and clearness they are 
here all incorporated in one table. As in the case of the cotton ex- 
periments carried on at this same station, the size of the plots em- 
ployed is not mentioned, and the only description given Cs the soil is 
that it was poor. 

The land was plowed during the winter and fertilized in the 
spring. The eorn was planted in rows 5 feet wide and 3 feet apart in 
the drill. The complete results are given below in Table X XVII. 


TABLE Beast —Results obtained at Calhoun, La., in the growing of corn 
(1889-1893). 


Applica- Yield per acre of corn. 
Fertilizer. : tion per 
? acre. 1889 1890 1891 1892 1893 
Pounds. | Bushels. | Bushels. | Bushels. | Bushels. | Bushels. 
Gy DSuan ee ee an Seen eeeenese 56 26. 69 21.00 15.00 13.60 16. 00 
Diesolved bone black 205). ocr Sao ae eee 112 28. 00 23.00 2505 25. 20 19. 60 
IBASalIMNEXG Ine eo hee ae eee Soe ee ene 336 25.00 28. 00 14. 25 32. 80 22. 00 
BLD ee FBR a se RIB poe ak 420 
Dissolved bone eee etree a iia |} 22.00] 23.14] 12.75] 25.60 21. 80 
Gry PSUS He Ue ras ee Set Rees Soe ae 56 14. 49 * 14.42 6. 00 10. 80 8. 86 
Acid Bbessinte Bee Loe tag 8 Dr ae eles aes 112 13.00 12.17 5.25 17.20 8.80 
BPG saatb-cnbing ee eags as aoe ea oo senbooeee 420 20. 00 18. 25 10.50 18. 80 16. 80 
INO AMANUTC RAs Says che Oe Se ee Rn pee po ale 12.00 11.00 4.50 8. 40 7.60 
Basal aM ESGUTe sos Ae Aes See Boe bs 420 
Re ye ee eee ee i \ 22.19} 18.13] 13.88] 23.20 24.00 
IBoneneall pees Fe ae see gee eR 112 14.10 13. 00 10. 50 11. 20 17.60 
SD ASaMERGULC be sess see ache oe ae eras eens 420 17.00 20. 32 13.50 29. 40 21.60 
ID (0 \eaten he Se One er) Renee ek Senn 420 
Bone icaee bere) a aie ey 119 17.50 20. 78 17. 25 31.20 24. 80 
SouthiCarolimavloats: sy ees eee ee TTD) ea. Meee 9. 00 6.75 13. 60 15. 60 
IBasalvimixsthaness so Feel Mi aera eee AD Qe a cee 22.00 14. 25 28. 40 20. 40 
HD Yo anes yee eee Meas par Me eran ee ee NS EE ADT eae Me 
South; Carolina tloats. se 2. osc eee we Sac ae th am ik eee Se } BiG foe 29730 a 


INQUITMA MOTO See A foe ec aa ee clean ean NG ee | 9.10 6. 75 14. 00 10. 50 


The wider differences between the yields of the various plots re- 
ceiving “basal mixture” show that this field was not of uniform 
fertility. 

A careful study of Table XXVII will also show that the soil 
seemed to respond much more readily to the nitrogenous than to 
the phosphatic fertilizers, but the applications of the latter were 
rather light, particularly for the relatively insoluble phosphates. 
With the exception of those treated with bone or dissolved bone black, 
the plots on which phosphates were applied alone gave on the whole 
little or no increase in yield over the unfertilized plots. While 
floats alone gave no increase in yield for the first three years of the 
experiment, the crop produced the fourth year on this plot exceeded 
the no-fertilizer plots by a considerable margin, indicating that 


Ifa. Agr. Expt. Sta. Bul. No. 27 (1890). 
*¥.q. Agr. Expt. Sta., Buls. Nos. 8, 16, 21 29 (new series). 
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there was a cumulative effect. When the phosphates were used in 
connection with the “basal mixture,” however, their effect seemed 
more marked. A comparison of the phosphate-basal-mixture plots 
shows that the bone meal and floats gave on the whole higher yields 
than either dissolved bone black or acid phosphate, but these differ- 


Bences are negligible when compared with the differences in yield | 


between the various “ basal-mixture” plots. 

A fertilizer experiment with sugar cane begun at Audubon in 

1890, was continued for 10 years, and in 1900 the averages of the 
results obtained during that period were published. There were, 
however, during this period only eight crops of cane harvested. 
' The land selected for this experiment was part of Audubon Park 
and had not been under cultivation for years. It had grown the 
native deep-rooted grasses which had sometimes been cropped for 
hay, but more frequently allowed to decompose on the fields. The 
soil, therefore, was rich in organic matter and might be considered 
at the outset almost new. No description is given of the soil type. 
The land was tile-drained. The fertilizers were applied only in 
those years in which cane was grown and raw rock phosphate was 
not introduced into the experiment until 1891. The acidulated phos- 
phates were applied at the rate of 250 pounds per acre when used 
alone, but when used in conjunction with potash and nitrogen car- 
riers they were applied at two rates, namely, 250 pounds and 500 
pounds per acre. The less soluble phosphates, bone, basic slag, and 
South Carolina “ floats” were applied at the rate of 500 pounds per 
acre throughout. 

The results are given in Table XXVIII. 


TABLE XXVIII.—Hight-year average results obtained at Audubon Park, La., in 
the growing of sugar cane (1890-1900). 


Average yield per acre. 


Fertilizer and annual application per acre. 2 


: Sucrose in 
Cane. juice. 
Tons. | Per cent. 
DSsolvedrponerblackss 200 POUNGS. 225. 5.52 oa to eB ie eae Sais 29. 88 TA, 
Dissolved bone black, 250 and 500 pounds; basal mixture,? 330 pounds. ........... 429.52 410. 64 
ISSSO WCUTCHMOS SEO coy obere lS) ee See ees ee ee eee eee 28. 19 10. 84 
Meidennospuntes spUspOUnGS@s 9), 3755.02 0f 28 Se oS Ist Sis . LS ss ete A ee 26. 12 11.55 
Acid phosphate, 250 and 500 pounds; basal mixture,? 330 pounds...............- 429.55 411.04 
iGelonumingreper: semeeiaw see ANS PES OL eee Pepe es AS LEE 25. 10 11. 59 
ROMER AC Ken SOUR DOUNOS Re seria. Se seein Sen aa ols Me ne Sew caaesecesehcctnenmeaes 27. 26 AES 7, 
Bone black, 500 pounds; basal mixture,? 330 pounds.............---------------- 27. 59 11.35 
Siew ine BOD eon. eee et pe eet e Gee Soe aem as Meena ane Seana 27.68 11. 62 
Slag meal, 500 pounds; basal mixture, ? 330 pounds............-.--- Diep Mice Ss ee 30. 44 11. 82 
fee asc MMM PRLIN sso U MP OUMC Sees hos Scio seiocisc as Jacek aakee Saco cies cat Betas cecieenis 28. 45 11.70 
Sawin Carolima tl atsso00 pounds. 223222250. eke. Ra. ib 58522 tks 26. 76 12. 04 
South Carolina ficats, 500 pounds; basal mixture, ? 330 pounds..........-..---- 29.19 11. 67 
MM OnEN IZ Oey ae ee it nS eee Looe cc aS ohicmee es ccd sas te ae e ger eens 25. 38 12. 29 
TEVEIES TONER IG AAD ONO ee Ie | Sea I Oe ee ee aa ees ea 26. 73 12. 26 
Bone meal, 500 pounds; sulphate of potash, 100 pounds........-.-...----.------- 26. 03 12. 34 
Bone meal, 500 pounds; basal mixture,’ 330 pounds.-..-..........---------------- 27.44 11. 96 


1La. Agr. Expt. Sta., Bul. No. 59 (new series) (1900). 

2 Fertilizer applications made only in years cane was grown (8 years). : 

3 Basal mixture=230 pounds ammonium sulphate and 100 pounds potassium sulphate. 
4 Average of two plots. ; 
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The results given in Table XXVIII indicate strongly that medium 
applications of phosphate, either soluble or relatively insoluble, pro- 
duced appreciable increases in the yield of sugar cane. The yields 
on the whole were slightly in favor of the acidulated phosphates, but 
the average yield of the plot treated with a combination of basic 
slag and “basal mixture” exceeded those of all the other plotsé 
The plot treated with dissoived bone black alone gave the next high- 
est yield, followed by the plots receiving mixtures of the acidulated 
phosphates (dissolved bone black and acid phosphate) and “basal 
mixture.” The yield of the floats-basal mixture plot, however, was 
so close to that of the latter two that the difference is well within 
experimental error. When applied alone, South Carolina “ floats ” 
and bone meal apparently gave about equal results, the yields being 
greater than that of the acid-phosphate (alone) plot. 

In two out of the three experiments of the Louisiana station here 
cited, the applications of raw rock were so light and the evidence 
points so strongly to the lack of uniformity in the experiment fields 
that the results have little value. In the third experiment, however, 
where the phosphates were applied more liberally the increased 
yields of sugar cane obtained from the insoluble-phosphate treat- 
ments compared favorably with those from the soluble-phosphate 
plots. 

MAINE. 


Owing to the limited data presented and their short duration 


(from one to two years), six* of the nine experiments with raw rock ° 


phosphate conducted by the Maine Experiment Station are not con- 
sidered in this paper. 


In 1895? the Maine station published the results of two field ex- | 


periments with various forms of phosphoric acid. One was con- 
ducted for nine years and the other for seven years. 

The first experiment was conducted on a 2-acre field which was 
divided into 36 plots containing one-twentieth acre each. The soil 
of this field was a clay loam and said to be quite uniform throughout. 
Before the sod was broken for the experiment in 1885 the field had 
grown three heavy crops of grass, previously to which it had received 
a liberal application of stable manure and unleached wood ashes. 
In 1885, without any further addition of fertilizer, the field produced 
a crop of barley. 

Fertilizers were applied only five times during the nine years of 
this experiment, no applications being made in 1888, 1890, 1891, and 


1Me. Agr. Expt. Sta., Ann. Repts. for 1888, pp. 64-66 (1889); 1889, pp. 140-143 
(1890) ; 1890 (1891); 1891 (1892). 
2Me. Agr. Expt. Sta. Ann. Rept. for 1894 (1895). 
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1892. Six plots received no fertilizer treatments whatever. The 
remaining 30 plots received 10 different fertilizer treatments, the 
same treatment being applied to three plots in each case. The aver- 
age annual results obtained from each fertilizer treatment are given 


in Table X XIX. 


“TABLE XXIX.—Results of nine years of field work in the growing FE various 


crops (1886-1894). 


Yield per acre (average of 3 plots). 
Appli- | ae 
qrartilivor! ea 1886 1887 | 18881} 1889 | 18901 | 18911] 18921] 1893 | 1894 
acre 
Oats. | Oats. | Hay. Hee Peas. | Oats. | Peas. | Corn.2} Corn.2 
Lbs. Lbs. | Lbs. | Lbs. Lbs. |= Boss \obbss | ei ossalael ps 
IN@ Ta at AS cre oad See Be | aa 3,664 | 2,000 | 2,566 |....... 1,406 | 1,892 | 1,216 395 749 
Dissolved bone back......... 400 
Potassium chloride..........- 100 |75,900 | 3,400 | 2,434 |....... 1,850 | 2,332 | 1,124 | 1,415 | 2,926 
Ammonium sulphate......... 200 | 
Ground bones - 622 tise 360 
Potassium chloride........... 100 |-5, 420 | 2,566 | 2,800 |....... 1,922 | 2,466 | 1,072 | 1,326 | 3,038 
Ammonium sulphate.. ae 200 | 
Ground South Carolina rock.- 300 
Potassium chloride..........- 100 |}5,052 } 3,100 | 2,566 |....... 1,762 | 1,936 860 | 1,076 | 2,631 
Ammonium sulphate.. ee? 200 
Stableimanuren: 5.2.5.2 .05.: 40,000 | 5, 266 | 3,074 | 4,010 |_.....- 2,644 | 3,288 | 1,976 | 2,931 | 3,562 
INawfertilizens esse [ne ele 35968") 25400r; 1 634 ee eee 1,618 | 2,068! 1,180 | 366 978 
coed bone black........- 400 | 4,512 | 2,100 | 2,166 |....... 1,774 | 2,666 668 576 1, 280 
OBee attete cise cicen sine cet 400 |\, eB 
Egueastvic Guilgu@l lellnn 100 , 906 | 2,634 | 2,066 |....... 1,978 | 2,668 736 | 1,486 | 2,532 
Dissolved bone black......... 200 
Potassium chloride........... 50) |-4, 732 | 2; 834 | 2,166.|....... 1,738 | 2,496 848 942] 1,982 
Ammonium sulphate......... 60 
Dissolved bone black......... 300 
Potassium chloride........... 100 |+5, 640 | 3,500 | 1, 766 |....... 1,694 | 2,700 | 1,092 967 | 2,598 
Ammonium sulphate......... 120 | 
Dissolved bone black......... 400 | | 
Potassium chloride........... 150 1)767034: | 3,884 | 25374 |...-28. 1,778 | 2,666 | 1,084 | 2,046 | 3,427 
apap eee eae 180 | 
otassium chloride..-........ LOORIN e = ‘ = 
Ammonium sulphate..-...... 200 My HOON P25 7005 | 222340 aaa sane 1,422 | 2,000 | 1,180 905 | 1,879 
1 No fertilizers. 2 Air dried. 


In this experiment the plots treated with stable manure gave on 
the whole better results than any of the other plots. The plots re- 
ceiving heavy applications of dissolved bone black in combination 
with potash and nitrogen carriers came next, followed by those 
treated with a mixture of bone meal, potash, and nitrogen. The 
plots treated with ground raw rock phosphate gave a lower average 
increase than the other phosphates, but produced in all but two 
instances a distinct gain over the plots fertilized with potash and 
nitrogen carriers alone. 

While the applications of dissolved bone black (800 and 400 
pounds per acre) employed in this experiment are considered com- 
paratively heavy for such a soluble phosphate, an application of 
300 pounds of ground raw rock is a light application for such a 
relatively insoluble material. Moreover, in describing this experi- 
ment there is nothing to indicate that the soil was well supplied with 
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organic matter, which would aid in rendering the less soluble phos- 
phate more effective. The conditions, therefore, were much more 
favorable to the water soluble phosphates than to raw ground rock. 

The results of the other long-time experiment published in this 
same report! cover a period of seven years. This second experi- 
ment was conducted on a larger scale than that just described and © 
had two objects in view: First, to determine the possibility of main- 
taining soil fertility by the use of commercial] fertilizers, and second, 
to determine the comparative value of raw rock phosphate and acid 
phosphate. 

A 10-acre field, the soil of which was a clay loam and excellent 
grass land, was selected for this experiment, and divided into four 3 
plots vf 24 acres each. For two years (1888 and 1889) no fertilizers A 
whatever were apphed to any of the plots, grass being grown in 


order to determine their relative natural fertility. Fertilizers were __ 
«pplied only once during the seven years of the experiment (in 3 
1890), sv the results after that year show in a measure the residual — 


effects of the various fertilizer treatments. 
The results of this experiment are given below in Table XXX. 


TABLE XXX..—Results obtained on plots of two and one-half acres each, in the 
growing of various crops (1888-1894). 


1888-89 | 18901 1891 1892 1893 1894 


Appli- |) 0) 2 24) 4) ae a, ee 
cation 
Fertilizer. per '| Barley | 6 ats. | Barle Sum- Oats, 
acre Hay.! and Total. ha ¥>| mer 
peas Y- | tilled. | matter.2 


Eee nS ————EE 


Loads. | Pounds.| Pounds.| Pounds.| Pounds.| Pownds.| Pounds. 


Stablenmsnurgs onc ones ieee scoenesans 20 2, 542 2, 208 3, 818 3, 444 | on coQenne 1, 894 
Pounds 

Ground South Carolina ruck..........- 1, 000 ry 

Ammontum sulphate... 002020] Te lf 2418] 72.) 298] 33924)... 2,453 

iPotassimm Ghlornidessccece sc emacn soar 100 ; 

ACID HOSPNALCtees masse estes aa steee 500 : 

Ammonium sulphate... 2201) Tgp 2082 | 1422] 2,972] 1,980)... 7 

Potassium Chlorides. -c-e g. eae sae - 100 

INOMMSTUTeS-seo == aS 5 Soq0éqscoKd0s66dcd|caccdoaac 2,510 1,118 2, 480 TOL: |Pacoceeee 957 


1 Fertilizer applied in 1890 only. 
: 2 Oats were cut before maturing and used for silage. 

The indications are that the plot which was afterwards treated 
with acid phosphate was naturally less fertile than the other plots 
of the experiment field. Contrary to what one would expect the raw 
rock phosphate was apparently as effective as acid phosphate during __ 
the first year of its application, yet the following year (if the ap- 
parent relative natural fertility of the two plots be taken into con- 
sideration) the acid-phosphate plot appeared to greater advantage . 


1Idem., p. 28-32. 
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since its yield nearly equaled that of the raw-rock plot. In 1892 and 
1894 (particularly in the latter year), however, the plot receiving 
raw rock phosphate two and four years previously forged ahead very 
noticeably. 

In 1896 Merrill? published the results of the box experiments be- 


%oun by Ballentine? a number of years before and continued after 


the latter’s death. The work was carried on still further, however, 
and all the results published by Merrill * in 1899. 

This experiment was undertaken in order to determine the rela- 
tive availability of various phosphates and also to test the ability — 
of some of the common crops to obtain phosphoric acid from these 


- different sources. The work was conducted in one of the green- 


houses, and the plants grown in wooden boxes 14 inches square and 
12 inches deep. The boxes were filled to within 1$ inches of the 
top with 120 pounds of sand. The sand was taken from a knoll 
near the river, at a depth of 3 or 4 feet, and was nearly free from 
organic matter. Traces of phosphoric acid were present. Before 


filling the boxes, the sand was carefully screened and mixed 


thoroughly with the various fertilizers. 

Eighteen species of plants were grown, representing seven orders: 
(1) peas, horse beans, clover, and alfalfa (Leguminose) ; (2) tur- 
nips, rutabagas, cauliflower, and kohlrabi (Cruciferz) ; () barley, 
oats, and timothy (Graminez); (4) tomatoes and potatoes (Solan- 
acee); (5) carrots and parsnips (Umbelliferz); (6) buckwheat 
(Polygonacez) ; and (7) sunflower (Composite). 

It was planned to carry each plant through three periods of 
growth, but the clover would not mature in the time it took for the 
other plants to do so, hence only two crops were grown. The sun- » 
flower and buckwheat did not thrive under the conditions of the 
experiment; and, after a single trial, were replaced by carrots and 
parsnips, which were grown for the two following periods. — 

In each period 12 boxes were employed for each kind of plant. 
The boxes were divided into three sets of four each, the various 
phosphate treatments as well as the checks being run in triplicate. 

No attempt was made at pollination, and since but few insects 
were present during the growth of the plants, the fruiting was very 
irregular. As soon as the plants seemed to have attained their 
maximum development they were harvested, dried, weighed, and the 
total amount of dried matter determined for each crop grown. 

The phosphates used in this experiment were acid phosphate, 
Redonda phosphate (phosphate of iron and alumina) made largely 


citrate soluble by ignition, and Florida finely ground phosphate rock 


1Me. Agr. Exp. Sta. Ann. Rept. for 1895, p. 10-14 (1896). 
2Me. Agr. Exp. Sta. Ann. Rept. for 1893 (1894). 
$Me. Agr. Exp. Sta. Ann. Rept. for 1898 (1899). 
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(floats). These materials were added in such amounts that they 
each furnished 6.58 grams of phosphoric acid, an amount sufficient 
to add only 0.01 per cent of P,Q,. In addition to the phosphate each 
fertilized box received 10 grams of sodium nitrate, 5 grams of potas- 
sium chloride, and 5 grams of magnesium sulphate. In the boxes 
where the Redonda was used 10 grams of calcium sulphate was also € 
added. 

The average production for a single period is shown in Table 
XXXI. 


TABLE XXXI.—Relative weights of dry matter obtained in box experiments 
with various phosphates. 


Crop. Weight. Phosphate treatment. Crop. | Weight. 
Walesa ees vier excel aba? tere 
2 Grams e Grams. 
167 Acid phospiate Sere oe Sa fey ; 135 
OdtS a Sees Ceo seem eee 
1209S) c cogceacodecdesocadcaa= Ofel Caan eee tee Beas [romain J pits bememessosse Ee 
Sf [NO DHOSph abe. nose 36 
a Reid phosphate. .-.-...---.- 260 
IRTOats a ee eee cee ests 
Horse beams. ..-..----------- 118 Bcaoaan SPUR Rat We aE POtatoeS = eee scnereieaeceeee a 
86 | No phosphate: 222: --------- 151 
ae eld phosphate s-a-seesesec 214 
6O8|" Hloatseeee seen e ose = 141 
Clover .....---------------- PGI ERedondases ee Jos Seacoce ceeceee recess: 140 
83 | No phosphate.---=--.-----.- 135 
107 ae phosphates sess s eee 237 
STARR IOatS ee eet eee : 
‘ier eal aaa af | Bloat een pons erie. 34 
90 | No phosphate-.....-.---.-.- 163 
222 | Acid -phosphate............ 107 
: 202-|SBIOatS Se oo ee acne eecees 54 
Turnips. ....-.--+---------- 1S7 eRedondak 00. ee ad pPuczmae shscesccesteeses 51 
119 | No phosphate..---......... 37 
152 | Acid phosphate....-..-..-- 101 
loats. Se Soares ole ese 14 
Rutabagas ......----------- ee ae arc Shae saab Ad Sunflowefs...-......------- 15 
64 | No phosphate............-- 11 
| 176 | Acid phosphate.......-.... 1) 
Cauliflower....-..+--++0+-- ith | eno anh ce eee Coates ee 90 
62 \eNo phosphates a eee sneee 44 
232 | Acid phosphate............ e 
Koblrabi.....-.2s-+eeee-e-- 172 | Redonda nec ccLLLIL | pRutebagas (roots).....--+-- a: 
130 | No phosphate...........-- \ 16 
338 | Acid phosphate...........- Bo 
Batley --.ee-sseeeeeseseeee- 186 Peni gs oaaone ceesessesseeerecd 
146| No phosphate’. 22-22 02a ne eee 
218 | Acid phosphate............ s 
OG) [IN OPUS S36 opetcononceeoecdse : 
CORN ee elesieaiinicisieereiaater 98 RedonGack. chien coe ee ee Kohirabissescscseeseeescees 92 
31 | No phosphate: ---..-.....-- 60 
185 | Acid phosphate............ oa 
Potatoes (tubers).......... 0 | Redonda ec LLL pO ats -seeeeeeeeeeteeeeeeeee: 380 
115 | No phosphate.............- 319 
173 | Acid phosphate.......-.... ae 
1G eGR SS665 cacanecodee seesor : 
Carrots (roots) ......-...-.- 1194, Redondat evn isso ea MIMO GR jas cmcciecieeeselee ii - 346 
102 | No phosphate............-- 353 
196 | Acid phosphate............ 
: P15) | loats ase see re cnisac ce tee 
Parsnips (roots) SaOoCSoceecec VAS Redond ahs. Sacco ess ess 
120 | No phosphate.............- 


While all the phosphate treatments appeared to be beneficial, in — 
every case the boxes receiving acid phosphate gave greater yields 
than those treated with the Redonda or raw Florida rock. The gain 
was especially marked in the case of the Graminee family, three 
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members of which—barley, corn. and oats—yielded nearly double 
the amount produced by either the floats or Redonda phosphate. 

The fact that the same quantity of phosphoric acid was applied 
in. all forms and that this application was light for the relatively 
insoluble phosphates is distinctly unfavorable to these phosphates. 
Moreover, it is stated that the sand used in this experiment was 
nearly free from organic matter, which fact would also be unfavor- 
able to the raw rock phosphate. It is not surprising, therefore, that 
greater yields were obtained from the use of the soluble phosphate 
in these experiments. | 

The results of both the field and greenhouse experiments conducted 
by the Maine Station indicate strongly that applications of raw rock 
phosphate increase the yields of many crops and that this material 
is more effective when applied hberally. The data, however, are 
insufficient to be conclusive as to the relative merits of raw rock and 


acid phosphate. 
MARYLAND. 


The first work conducted by the Maryland station to test the fer- 
tilizer value of the relatively insoluble phosphates consisted of sev- 
eral experiments? on corn, wheat, sweet potatoes, and tomatoes, but 
in all these experiments the natural phosphates employed were 
guanos from islands in the Caribbean Sea. According to the analy- 
ses of these guanos they contained a certain amount of available 
(so called) phosphoric acid, and in some instances a small percent- 
age of nitrogen, so it is hardly fair to place them in the same class 
with the amorphous phosphates of Florida, South Carolina, and 
Tennessee. For this reason the results of these experiments are not 
included in this paper. 

The results of five years’ work in testing the relative values of 
various carriers of lime were published by the station in 1906.? 
While finely ground South Carolina rock was used on one of the 


_ plots, no comparison can be made of its value with that of acid 


phosphate in this experiment since all the plots, with the exception 
of the checks received in addition to the lime carriers applications 
of a complete fertilizer. Under these conditions lime in the form of 
oxide, hydrate or carbonate produced yields as great as that obtained 
from lime combined with phosphoric acid in ground rock phos- 


‘phate. It is worthy of note, however, that the plot receiving ground 
rock phosphate in addition to a complete fertilizer produced sacs 


yields than the plot treated with complete fertilizer alone. 
The results of work carried on for 12 consecutive years with vari- 
ous kinds of phosphate were published by the Maryland station in 


1Md. Agr. Expt. Sta., Bul. No. 5 (1889); Special Bul. (Fair edition) (1889); Buls. 


Nos. 10 (1890) ; 14 (1891). 


2Md. Agr. Expt. Sta., Bul. No. 110 (1906). 
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1907.1 These experiments had several objects in view but were 
conducted chiefly to test the relative fertilizer value of the soluble 
and the relatively insoluble phosphates on corn, wheat, and hay. 

The field used is said to be fairly level, well drained, and quite 
uniform throughout. The soil was moderately stiff clay. The his- 
tory of the cropping of this field before the experiment was under- © 
taken is as follows: 

In 1888 the land grew a poor crop of weeds and grass which was 
plowed down. The land was then sown to wheat which was har- 
vested in 1889; in 1890 and 1891 the field was in grass, and in 1892 
corn was planted. The land was fallowed in 1893, but in 1894 it 
was again planted to wheat in which both timothy and clover were “ 
sown. 7 
_ In 1895? the field was divided into 22 plots of one-tenth acre each 

and planted to corn, crimson clover being sown subsequently in the 
corn on plots 1 to 12, and rye on plots 18 to 22. These latter crops 
were plowed under the following spring. In 1896, 1897, and 18988 
corn was again grown under the same conditions. In 1899 a crop 
of wheat was harvested followed by hay in 1900 and 1901. In 1902 
and 1903 corn was again grown followed by wheat in 1904 and hay 
in 1905. | 

The various phosphates were applied in such quantities as to fur- 
nish equal amounts of phosphoric acid to the soil. It appears that 
the phosphate applications were made every year except in 1899, 
1900, 1901, and 1905 when wheat and hay were the crops grown. 

There were four check (no phosphate) plots employed in this 
experiment, on two of which a green crop (rye or clover) was turned 
under subsequent to the growing of corn. In the tables given below 
only the average of these four plots is reported. Three plots each 
were treated with the following phosphates in quantities supplying € 
150 pounds of P,O, per acre, raw bone meal, basic slag, ground 
South Carolina raw rock and Florida soft phosphate. Two each 
of these plots had a green crop turned under in six out of the 12 
years of the experiment, in order to study the effect of decaying 
organic matter on the availability of these relatively insoluble phos- 
phates. In the following tables the average of the three plots is” 
taken in each instance, although in some cases the organic matter 
present apparently increased the effectiveness of the phosphate treat- 
ment. 


| 
1 
in 


et 


2Md. Agr. Expt. Sta., Bul. No. 114 (1907). 
2Md. Agr. Expt. Sta., 8th Ann. Rept., p. 226 (1895). 
The corn crop in 1898 was a failure. 
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The results on corn given in Table XXXII are rather inconclusive, 
even though they represent the crops of six years. The average pro- 
duction of the no-phosphate plots was in many instances greater than 
‘that of the plots receiving phosphate treatments. Only in the cases 
of the plots treated with reverted phosphate of iron and aluminum 
were there fairly consistent increases obtained over the check plots. 
In 1903 the average yield of the check plots exceeded that of any of 
the others except the Florida soft phosphate plots and equaled the 
average yield of these. 

The yields of the various soluble phosphate plots were very incon- 
sistent. For instance, the plot treated with double acid phosphate 
gave on the average an increase in yield over and above the no- 
phosphate plots, yet the plot treated with dissolved South Carolina 
rock (ordinary acid phosphate), which was applied in such quan- 
tities as to furnish the same amount of phosphoric acid, gave a mel 
considerably below the average of the check plots. 

The results obtained on the hay crop (Table XX XIII), once 
were more consistent. With the exception of the first crop of the 
dissolved South Carolina rock plot, the yields from the less soluble 
phosphate plots were greater than from the water soluble phosphate 
plots, and in nearly every instance the yields of the treated plots 
were considerably greater than those of the checks. Here, again, 
the reverted phosphate of iron and aluminum gave the hivhest yields. 

Although the:conditions of this experiment were apparently more 
favorable to the soluble phosphates the results indicate that for corn 
and hay the relatively insoluble phosphates of iron and aluminum 
in a very finely divided or precipitated condition, were more effective 
than the former. 

In the case of the two crops of wheat grown on these same plots 
the opposite results were obtained (Table XX XIII). The yields 
of the soluble phosphate plots in most instances exceeded the yields 
of the relatively insoluble phosphate plots quite appreciably, and all 
the treated plots gave considerable increases in yield over the check 
plots. 

Regarding the influence of decaying organic matter in hesatl the 
turning under of rye seemed to increase somewhat the effectiveness 
of the insoluble phosphates, but the plots on which clover was grown 
and subsequently turned gave on the average smaller yields than 
similar plots receiving no organic matter. 

In studying the results of these experiments two questions natu- 
rally arise. First, how uniform was the soil of the various plots, 
and, second, what would have been the effect of applications of lime? 

Another five-year experiment undertaken by the Maryland station 
some time after the one just described and discussed, gives consider- 
ation to these points. In this later experiment an attempt was 
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made to determine the relative natural fertility of the varicus plots 
on the experimental field by uniform cultivation, and the growing of 


wheat and hay for three years preceding the application of the 


phosphates. 


The yields of the various plots during these three years are given 


in Table XXXIV. 


TABLE XXXIV.—Relative productive capacity of plots when receiving uniform 


treatment. 
Wheat, 1899. Hay. Aes 
Plot number. ee 3 “yearly 
Grain Straw 1900 1901 yield 
Pounds. Pounds. Pounds. Pounds. Pounds. Pounds. 
Dees o Bee ARS Bs Oe Owe 1, 535 2, 800 4,050 4,010 12, 395 4,132 
DAS 25 (ah, Re SE at Pi Pt aS <8 OE 1,415 2,630 3, 500 3,150 10, 695 3,565 
SY ane eee age a ae Wian Sey ete er 1, 835- 3, 565 3, 600 3, 900 12,900 4,300 
ee tas Meee Se Stet een 2,130 4,070 4, 500 3,750 14, 450 4,817 
Hae ae eae cic Mot Gees eieaeeusS 2,120 3, 980 4,550 4,050 14, 700 4,900 
Gee nese ae ee ae ee RS 2,100 4,300 3, 450 3, 750 13, 600 4,533 
eee eS EE ee 2,190 4,310 4,350 4, 100 14, 950 4, 983 
Se ee ee tiga Soe aca 2,165 4,100} - 2,500 4, 400 13, 165 4,388 


The figures given in Table XXXIV indicate strongly that this 
field was not of uniform fertility. They show how the relative yields 
of similarly treated plots may vary from year to year independent of 
fertilizer treatment, thus making it not only unwise but well nigh 
impossible to draw final conclusions from field work covering only a 
short period of time. 

The yields of the same plots after treatment with the various 
phosphates are given in Table XX XV. Besides introducing other 
varieties of phosphates into this experiment, the effect of liming on 


the soil was studied by employing two soluble phosphate plots, one - 


of which received in addition to acid phosphate a hberal application 
of lime. - 


| 
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In order to see at a glance the apparent relative values of the 
various phosphates used in this experiment, the Maryland station 
compiled a table in which the yields given in Tables XXXIV and 
XX XV were reduced to a percentage basis, taking the yield of the 
Virginia phosphate plot as 100. The results are given in Table 
XXXVI. It will be noted that the average production of the differé 
ent plots after the application of the phosphates was less than before 
the treatments, but since the greatest decrease in yield was on the 
check plots, it is assumed that the phosphates had a beneficial effect. 

The figures in the column headed “ Relative increase ” represent 
the average relative increases of the various phosphate plots over the 
check plot. | 


TABLE XXXVI.—Relative yields and average inyuence of different forms of 
phosphoric acid, expressed in percentages. 


Rate of Rate of 
Phosphate treatment, 150 pounds P.O; per acre, in yield yield 
_the following forms: before ex- | during ex- 
periment. | periment. 


Relative 


Difference. ARES aG. 


eee 8) Oe ee 


Per cent. Per cent. Per cent. Per cent. 
Ground?south Carolina nocks-s == oe eeeeeeee eee eee 83 73 —10 1 


Dissolved: South Carolina LOCK {eens ae eee eee eee 72 72 0 20 
Dissolved South Carolina rock and lime..............-- 86 74 —12 8 
Check (moimphosph ate) es ass eee eee oeeiteece eer 97 vee SHG —20 0 
Ground: Rennesseeinocks 2 sas nee se tee ose necen eames 98 91 — 6 14 
G@rounGebilorid aproCk 2 eeeeern cheer eee ee oe 91 98 +7 27 
Groundaviairnsimiatrockss estes e eee eee eee eee 100 100 0 20 
Precipitated’ phosphatetess--- 2 ee eeaeeeeeee eee ne eee 88 93 +5 25 


Apparently the greatest effect was produced by the Florida soft 
phosphate and the precipitated phosphate treatments. The Virginia 
phosphate (which, it is.said, was largely a phosphate of aluminum) 
and the acid phosphate (without lime) came next with the same rela- 


tive increase. Contrary to popular belief the application of lime in ~ 


connection with acid phosphate did not in this experiment appear 
to be beneficial. 

The Maryland station results as a whole may be said to indicate 
that applications of the relatively insoluble phosphates in a finely 
divided or precipitated condition increase crop yields as effectively 
in some instances as the more soluble phosphates. 


MASSACHUSETTS. 


In 1890 the Massachusetts station undertook an experiment? to 
compare the relative fertilizer merits of acid phosphate (dissolved 
bone black) and some of the less soluble phosphates when the various 
forms were applied in quantities representing at that time equal 
money values. 

The field selected for this experiment was quite level and had been 
used as a meadow up to 1887. The soil was a fair sandy loam, but 


1Mass. Agr. Expt. Sta., 8th, 9th, 10th, and 11th Ann. Repts. Hatch Agr. Expt. Sta, 
14th Ann. Rept. (1902). 
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said to be well worn. In order to exhaust the field still further of 
its natural fertility, corn, Hungarian hay, and legumes were grown 
in 1888 and 1889 without the application of any fertilizer whatever, 
but no attempt was made to determine whether or not the field was 
uniform. 
y In the spring of 1890 the plots (1% acre each) were laid out and 
each one furnished annually with what were thought to be optimum 
quantities of potash and nitrogen. The following applications of 
phosphates were made to the various plots annually for four years: 
Plot No.1: Basic (phosphatic) slag_____--_ (19.04 per cent P20;) =127 pounds 
eG Ae UA ee ee ee (21.88 per cent P2O;) =128 pounds 
38: Ground Florida rock phosphate__ (21.72 per cent P:0;) =129 pounds 
4: Ground South Carolina phosphate_ (27.57 per cent P20;) =131 pounds 
5: 1Dissolved. -bone black. (15.82 per cent P20;) = 78 pounds 
In 1894 the phosphate applications were discontinued in order to 
study their residual effects but the potash and nitrogen applications 
were increased 50 per cent. A check or no phosphate plot was intro- 
duced in 1895, and the experiment continued until 1902 (12 years). 
In Table XX XVII the yields of the various crops during the en- 
tire period of the experiment are given. Apparently no details of 
the corn crop of 1898, and the oat crop of 1899, have been published, 
and the yields of the check plot during 1895 wa 1896 could not be 
found in the records. 


TABLE XXXVII.—Yields per acre of various crops during twelve years of ez- 
periment (1890-1901). 


ean 1890 1891 1892 1893 1894 1895 
Ain tS | SS eS SSS SS SS 
Fertilizer. tion per : ease 
acre. | Potatoes.) Wheat. | Gana. Corn. | Barley. Rye. 
Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Pounds. 
IBASIGISIAL tees aceaedssenia~see- 762 9, 600 2, 280 24, 420 9, 960 2, 910 4,170 
MONA SUAN Oa soc ocecee se aace 768 8, 490 2, 040 26,460 | 8, 286 2, 430 3,780 
Ground Florida rock. .......... 774 9, 000 1, 290 16, 500 8, 082 1,740 2, 298 
Ground South Carolina rock.... 786 10, 980 2, 280 18, 660 8, 814 2,760 4,554 
Dissolved bone black........... _ 468 12,720 2, 430 17,520 7, 932 2,340 3. 750 
No phosphatess.=..-se s<. -<2 5s ge Slaps ae chee. Sac | eee ee Not giv en 
| 
1896 1897 1898 1899 1900 1901 
Annual! ) 
s4: lica- et oe Se > ta as Sa Ea 
Fertilizer PP 
% tion per So : 
y beans} Turnips Cab- Oats 
aCe (beans). | (roots). Corn. Oats. bage.? | (grain). 
Pounds. | Pounds. | Pounds. Pounds. | Bushels. 
RASICISIAP Sc aeecle tenes os tc ois oe 762 1,524 11, 220 (3) (3) 1, 980 100 
Monat oan Oe=c6 see o08 scenic coe 768 1,398 21, 930 (3) (3) 1, 500 84 
Ground Florida rock. .......... 774 tote 4,920 (3) (3) 60 67 
Ground South Carolina rock.... 786 1512 11, 790 (3) (3) 3, 300 95 
Dissolved bone black........... 468 1, 482 9,714 (3) (3) 1, 560 79 


INOSPHOSPHALE Mas scass Se aces cas |SsoeSaseee Not given 4,980 (3) (8) 48 87 


- 1 Phosphates applied during the first four years only. 
2 The weights given represent cabbages which erened over 24 pounds, 
3 No detailed yields given, 
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Tt will be seen that while dissolved bone black led for the first 
two years, during the remainder of the experiment several of the 
relatively insoluble phosphates forged ahead, phosphatic slag being 
first, South Carolina floats second, and Moria guano third. Florida — 
Cound rock phosphate, however, gave relatively poor yields when 
compared with the plot treated with South Carolina floats. t 

In Table XXXVIII the average relative rank of the. various 
plots from the beginning of the experiment, until it was discon- 
tinued in 1902, are expressed on a percentage basis. 


TABLE XXXVIII.—Average relative rank of the plots treated with various 
phosphates* (equal money values) during the 12 years? of the experiment. 


Treatment. Per cent. 


Basic (phosphatic) slaget sic atee coe eee ee eee eae eee 
Ground South Carolina rock 
Dissolvedsbone black. 33 a-22 Bes. ae eee eee cee tere 
Mona San. c25o-6 soa enise eck see eassseeeeeelae acer ne 
j= Blorida phosphate nockss~-=--ee nate eae eee eee 
Nos phosphate: (6;yeats) tanseee ete eee eee eee 


1No phosphates applied after the third year. 
2 The crop of Swedish turnips-grown in 1897 is not included, since it 
was damaged by disease. 

While the basic slag and ground South Carolina phosphate plots 
led all the rest in this experiment, the dissolved bone-black plot was 
not far behind. 

Brooks? considers that the phosphates in this experiment were ap- _ 
plied in a very irrational manner and in a way favorable to the rela- 
tively insoluble varieties, but even under these conditions he con- 
cludes that the data do not prove that the less soluble were more 
effective than the readily soluble phosphates since the yields from the 
Mona guano and Florida phosphate plots (particularly the latter) 
were materially less than that of the acid phosphate plot. 

While the writers feel that the data obtained are hardly sufficiently 
consistent to warrant a definite conclusion regarding the relative 
merits of the various phosphate carriers, nevertheless they are of the 
opinion that the method of applying phosphates in this experiment 
was considerably more logical from an economic standpoint than 
that employed in the subsequent experiment of the Massachusetts 
station upon which Brooks lays much greater stress. 

In 1897 a second experiment? was undertaken by the Massachu- 
setts station to test the fertilizer value of various phosphates when 
they were applied in such amounts as to furnish equal quantities of 
phosphoric acid to the soil. 


1Mass. Agr. Expt. Sta., Bul. No. 163, pp. 147-148 (1915). 
2 Hatch Agr. Expt. Sta., 10th Ann. Rept. (1898). 
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A summary and discussion of this experiment after 18 years’ work 
was published by Brooks? in 1915. 

The field selected for this experiment was fairly level, but while 
the soil as a whole was a medium silt loam, the plots varied somewhat 
| physical character. Moreover, the fertility of the various plots (as 

etermined by a crop of corn grown the year previous to the appli- 
cation of fertilizer) was apparently not uniform. The field had been 
in grass for a number of years preceding the experiment, and had 
received annually moderate top dressings of chemical fertilizers. In 
1896, the field was plowed, divided into 13 plots of 4 acre each, and 
planted to corn without the addition of any fertilizer whatever, in 
order to determine the relative natural fertility of the various plots. 
The corn was cut green and weighed. Apparently there has been 
some confusion in the statement of the yields of corn obtained in this 
preliminary test, for in Public Document No. 33,? published shortly 
after the experiment was begun the yields obtained on plots 1 to 13, 
inclusive, are in the reverse order from those given in Brooks’s sum- 
mary of this experiment published in Bulletin No. 162. On account 
of this confusion the yields obtained in this preliminary test can not 
very well be taken into consideration in figuring the relative efficiency 
of the phosphate treatments. 

The various phosphates to be tested were applied in the spring of 
1897, together with liberal amounts of potash and nitrogen. In 
1898, and again in 1914, all plots were treated with hydrated lime at 
the rate of 1 ton per acre, which was spread upon the plowed land 
and harrowed in. The annual application of fertilizer materials — 
varied somewhat, the most important change being an increase of 
50 per cent in the nitrate nitrogen and the actual potash in 1901. 
Since that date the annual rate of application per acre has been 
91.2 pounds of nitrogen, 152 pounds of potash, and 96 pounds of 
phosphoric acid. : 

In order that the less soluble phosphates might ian their full 
effect “a stock of organic matter was maintained in the soil by turn- 
ing under heavy crops as follows: Winter rye in 1901, buckwheat in 
1912, and rye in 1913, and by introducing grasses and clovers, 1905 to 
1907, and turning under a heavy growth of grass in 1908.” 

- Hopkins® considers that the supply of organic matter thus fur- 
nished was inadequate to meet the requirements of the crops and 
receive full benefit from the raw rock phosphate treatments. 


The following table taken from Bulletin No. 153, of the Massa- _ 


chusetts station gives the increases in yield of various crops (over 


1 Mass. Agr. Expt. Sta., Bul. No. 162 (1915) 
2Mass. Agr. Expt. Sta., i0th Ann. Rept., p. 17 (1898). 
$[ll. Agr. Expt. Sta., Cire. No. 186, p. 13 (1916). 
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and above the check plots) obtained from plots treated with the 
different types of phosphates up to the close of 1914. 

In reporting these results Brooks discarded the yields chee 
during the first two years of the experiment on the assumption that 


the difference in the natural fertility of the plots would be less 


strongly marked after two years of fertilization. It might be said, 
however, that if the same plan had been followed in the earlier 


experiment where equal money values of the various phosphates were 


applied the average results would have been even more favorable to 
the less soluble phosphates than reported. 

In comparing the crop yields in this later experiment each plot 
was compared with the check plots between which it lay and these 
checks were given a weight inversely proportional to their distance 
from the plot for which they served as a basis of comparison. 

The validity of such a method of comparison is based on the as- 
sumption that the variations in the fertility of a field are fairly 


regular. Other investigators consider that a comparison of the 


average yield of all check plots with each treatment is a much fairer 
basis on which to compute differences in fertilizer values. 


TABLE XXXIX.—Average increase per acre in corps produced on plots treated 
with different classes of phosphates (1899-1914). 


Corn, 3 Onions, 2 
years, 1899 Hay, 2 years, 1906, 1907. years, 1901 
-| °1913,1914. i 12S] 1902.” Coupee 
75 é s 
Fertilizer. 2] jp,’ 
: Seal 1908. 
j Grain. |Stover.| Hay. | Rowen.| Total. | Sound. lio 
ms 
Bush. | Lbs. Lbs. Lbs. Lbs. Bush. | Bush. Lbs. 
Natural mineral phosphates....) —1.06 | 318.87 | 398.30 |—131. 00 267.30 |—30.60 | 10.76 | 9,817.59 
Basic slag and bone meals....... 8.03 | 905.50 | 615. 55 97. 33 712. 88 | 143.60 |—19. 23 | 21,026. CO 
Dissolved phosphates...........- 9.96 | 651.11 | 753.33 | 350.67 | 1,104.00 | 1386.73 |—12. 56 i. 758. 60 
Soy beans, 1 Potatoes, 1 ~ 
Hun- ilae 1910. r,1910. | Oat and 
Oat hay,| garian Pnsilane a) Dame: alfalfa Se or 
Fertilizer. l year, | hay, ae ue eT hay, 1 ao 
1900. | Lyear, | Yoga’ Market- year, | {oi7? 
1900. Grain. | Straw anIC Total 1911. 
Natural mineral Lbs. Lbs. Lbs. Bush. Lbs. Bush. | Bush. Lbs. Lbs. 
phosphates. -..--.-- 231. 70 166. 70 |—1, 638. 70 0.77 | 290.56 }—10.70 | —8.30 80. 00 91. 70 
Basic slag and bone 
MOAI Se eis Se 1,324. 40 |—222.23 | 7,608.90 4.09 | 794.67] 16.40} 18.90 | 1,626.67 | 244.40 
Dissolved phos- 
phatessesseaee eee 1, 520.00 |—253.30 | 7,361.30 3.87 | 776.00 | 26.90] 29.50 | 1,560. 00 73. 30 


It will be seen by dividing the phosphates into classes and taking 
the average yield of each class, as Brooks has done in his summary, 
the soluble phosphate plots on the whole surpassed all the other 
phosphates. Next in order came the so-called available phosphates, 
consisting of raw bone, steamed bone, and basic slag, and finally 


ee 
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the lowest average yields were obtained from the plots treated with 
the natural phosphates of Arkansas, Florida, Tennessee, and South 
Carolina. 
_It seems questionable to the writers, however, if this method of 
ouping the various phosphates is altogether fair. By referring 
o Table XL it will be seen that the yields from the Florida soft 
phosphate plot were in many instances poor when the yields from 
the other raw-rock plots, particularly the South Carolina rock plot, 
were good. By grouping Florida soft phosphate with the South 
Carolina and Tennessee phosplintes the average yield for raw rock is 
seriously affected. 

Neither does the placing of dissolved bone meal, acid phosphate, 
and dissolved bone black in one group appear mate fair, since the 
first-mentioned material contains appreciable quantities of nitrogen, 
and in nearly every instance the yield of this plot exceeded the other 
soluble phosphate plots by a considerable inargin. 

In order that the reader may obtain a clearer idea of the value 
of each fertilizer treatment the writers have compiled the following 
table from the reports of this work as given from year to year 
during the entire period of the experiment. Full details of yields, 
however, are not given in the reports for the years 1898, 1899, 1900, 


. 1905, 1908, 1909, 1911, and 1912. 
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By studying the detailed yields obtained during the 18 years of 
this experiment it will be seen that the method of computing fer- 
tilizer values used by Brooks, namely, comparison of the treat- 
ments with the nearest check plots, is distinctly favorable to the 
plots receiving soluble and so-called available phosphates, since 
these plots le closer to the check giving lower yields. As far as the 


_ figures are complete in detail, the plots treated with South Carolina 


and Tennessee phosphate exceeded in yield those treated with acid 
phosphate in eight out of nine and six out of nine cases, respectively. 

In view of the fact that the difference between the yields of the 
check plots in this experiment are in many instances much greater 
than the differences between the yields of the treated plots, the 
drawing of rigid conclusions concerning the value of the different 
types of phosphates hardly seems warranted. Neither of the two 
long-time field experiments coi.ducted by the Massachusetts Station 
appear to warrant a definite conclusion concerning the relative 
merits of raw rock and acid phosphate. Under the conditions of the 
first experiment (where equal money values of the two forms of 
phosphoric acid were applied) the results indicate that raw rock 
was more effective than acid phosphate. In the second experiment 
(where phosphoric acid was applied in various forms at the same 
rate) the results may be interpreted as favorable or unfavorable to 
raw rock phosphate depending on the method employed in compar- 
ing the yields with those of the check plots. 


MISSISSIPPI. 


The first field work with raw rock phosphate conducted by the 
Mississippi station was described by Ferris! in 1906. Owing to the 
short duration (one year),? this experiment as well as six others? 
which were conducted for periods of from one to four years are not 


- considered in detail in this bulletin. 


In 1911 Ferris‘ reported the results of six years’ work with fer- 
tilizers on cotton at the McNeill branch station, and early in 19125 
gave the results obtained during six years of field work on corn and 
cotton. 

The fields on which these experiments were conducted are de- 
scribed as nearly level and as uniform as possible. The soil, it is 
said, was typical of the pine lands in south Mississippi. The plots 
were one-twentieth acre in size, and the treatments on each crop were 

1Miss. Agr. Expt. Sta., Bul. No. 94 (1906). 

21t is stated that this experiment was continued for four years but details are given 
for one year only. 

8 Miss. Agr. Expt. Sta., Buls. Nos. 110 (1908); 122 (1909) ; 155 (1911) ; 158 (1912) ; 
161 (1913) ; 169 (1914). 


Miss. Agr. Expt. Sta., Bul. No. 155 (1911). 
5 Miss. Agr. Expt. Sta., Bul. No. 158 (1912). 
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made in triplicate, the plots being so distributed as to reduce to a 
minimum the errors due to inequalities in the soil. Each plot re- 
ceived annually the same kind and quantity of fertilizer material. 

In the case of the corn, cowpeas were grown as a catch crop in the 
field. It is not stated whether this latter crop was turned under or 
not. The results of these experiments are given in Tables XLI and 
XLII. 


TABLE XLI.—Yields of shucked ears of corn (per acre) obtained at McNeill 
branch station for 1907-1911, inclusive. 


Yield per acre of shucked ears. 


Plot Applica- 
num- Fertilizer. tion ‘ 
ber. Per acre. | 1906 1907 1908 1910 19111 
: Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Pounds. 
Ib I OWS Ss oe peoendassocpobHooodospsallacsauseace 1,051 153 66 560 793 
2 | Cottonseed meal..........--------- 100 1, 699 740 446 860 1, 406 
3 | Acid phosphate.......-.-.----.---- 100 2,037 1,380 846 840 1, 880 
Aa Camb ena ices So eee ion 1,339 713 173 520 1, 072 
Cottonseedimealy ase ee oe eee 
5 {nid hos paele pap NOE Sat re, AG MA Cr ou \ 1, 886 1, 200 ae 073 1, 220 1, 792 
Cottonseed meal.............--.--- 
7 {eid Dee: Bi a Ta vee ea EE eS \ 1, 944 1, 466 1, 200 1, 360 2, 000 
Cottonseed meals. 3-22 eee eee 
Acid phosphate RCE Aa tien ace ones Das Pail 200 \ 1, 807 1, 306 860 it 380 1, 712 
Cottonseed meal........-...----.-.- NOOR Ry ee Ee a aes \ 1.073 1. 400 
Ground rock phosphate......-....- HUGO) t Secdaaiase Sohal Rouie Me ra yatalades ’ i 
Raw ground pone EE Ecorse se eersee ne 2,094 1526 L/S ees seep es 
Cottonseedimeale= 424s eso ee } 
12 \keverted Phosphates. aes ceeas se 400 1,900 1,473 |....------|---------- 2,020 


1 Fertilizer applications doubled in 1911. 
Notr.—Crop of 1909 was a failure. 


TABLE XLII.—Yields of seed cotton per acre obtained at McNeill branch station 
for 1907-1911; inclusive. 


Yield per acre of seed cotton. 


Plot Applica- 
num- Fertilizer. tion 
ber. per acre. | 1993 | 1907 | 1908 | 1909 | 1910 | 19111 


Lbs. Lbs. Lbs: Lbs. Lbs. Lbs. Lbs. 


MS CROC Ker ae ae tares ears a ete tere oreo ional later epane neers 480 220 110 153 20 30 
on Cottonseed meal... see eee ee 100 760 436 376 400 90 63 
3) PAcidiphosphater = sass s-6 6 eelasecine 100 800 514 744 480 366 166 
CW Rea hah megane Sais Pe Sy bp oe eS ae SE Ue ee er 100 620 300 274 186 34 8 
Cottonseed meal.......--.-.--+-+---- 100 \ 
5 Acid phosphate. peas. Soltis) far Son 100 1, 060 616 644 513 326 292 
Cottonseed meal..........-.---.---.- 00 
7 HK phosphate t sagsseceneeeeeee 10 \ 1,010] 756] 684) 620} 306] 370 
Cottonseed mealies. o-- a5: =o ee 
8h aeid Phosphate, /...sssssssseecse0 200 \1,000] 666 | 636] 480} 254] 340 
Cottonseed meal.:......-.-...-.-..:- 0 
10 \Groand rock phosphate........-...- 100 \ 840 510 |....---- 520 |.......- 220 
11 | Raw ground pore SOS NE Scare ee Ae ip th Gee Uy Aico oye vena 120 sce ee eee 
Cottonseedimealsrss Sa ae sie oaelhe ) chr OO} S5y5 5-5 |Er-e clare i 
12 |) Reverted phosphate.......-2.-.-.--- A004 {abet alas nee \ 680 |.....--. 460 |...--- . 


1 All applications of fertilizer doubled in 1911. 


In these experiments the ground raw rock phosphate was applied 
in such relatively small amounts that little effect could be expected 
from its use. The yields of corn obtained from the raw rock cotton- 
seed meal plot in 1908 and 1910, however, compare very favorably 
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with the yields from the plots receiving mixtures of acid phosphate 
and cottonseed meal, and in every case the phosphate-cottonseed-meal 
mixtures gave substantially greater yields than the cottonseed meal 
alone. 

The yields obtained in the cotton experiment, however, were more 
favorable to acid phosphate than to the raw rock, but the plots 
treated with the latter phosphate mixed with cottonseed meal gave a 
greater yield than those treated with cottonseed meal alone. 

It may be said that while these experiments give a very limited 
amount of data on the fertilizer value of raw rock phosphate they 
indicate that even light applications of this material when supple- 
mented with cottonseed meal may produce substantial increases in 
the yield of corn and cotton. 

Of the nine field experiments with raw rock shogeinae conducted 
by the Mississippi station only two were continued beyond four 
years. In these two the applications of the ground raw rock were so 
light that results can hardly be considered indicative of the value of 
this material. In practically all of the experiments, however, plots 
recelving raw rock phosphate, either alone or in combination with 
other fertilizer materials, have shown substantial increases over the 
check plots with which they were directly comparable. 


MISSOURI. 


The Missouri station advised the use of raw rock phosphate in 
19051 and 1910,? but it was not until 1914 that any data obtained 
from field work was published by this station. 

In an experiment described by Miller, Hutchison, Douglass, and 
Hudelson,? a study was made of the effect of various fertilizer treat- 
ments on both drained and undrained land in a four-year rotation 
of corn, oats, wheat, and cowpeas (with cowpeas grown and turned 


-as a catch crop between the regular crops of the rotation). 


The field selected for this experiment was a 10-acre tract of very 
level poorly drained prairie land lying one-half mile west of Van- 
dalia. The soil was a dark-gray silt loam 7 to 9 inches in depth un- 
derlain by a silty clay. The field was divided into two equal parts 
and one half tiled and the other half left untiled. Each half was 
then divided into seven plots of seven-tenths acre each, running cross- 
wise of the drained and undrained areas. The corresponding plots 
in each area were then treated as follows: Manure at the rate of 8 
tons per acre, and raw rock phosphate at the rate of 600 pounds per 
acre every four years before corn, bone meal 150 pounds per acre, 


and potassium chloride 50 pounds per acre, twice during a rotation. 


1Mo. Agr. Expt. Sta., Circular of Information No. 22, p. 25 (1905). 
2Mo. Agr. Expt. Sta., Bul. No. 84, p. 33 (1910) : Bul. No. 86, p. 91 (1910). 
3 Mo. Agr. Expt. Sta., Bul. No. 118, 448-475 (1914). 
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Lime was also applied at the rate of 2,000 pounds per acre every 
four years. The first fertilizer applications were made in 1908, but 
in 1907 a crop of cowpeas was grown on the entire tract in order to’ 
compare the drained and undrained areas. 

The results of five years’ work with the fertilizer treatments men- 
tioned above are given in Table XLIII. 


TABLE XLIII.—Yields of corn, oats, wheat, and cowpeas obtained on tiled and 
untiled land at Vandalia, Mo. (1908-1912). 


Yield of various crops per acre. 


Appli- 
“ee cation Corn (1908). _ Oats (1909). Wheat (1910). 
Fertilizer. per 
acre. 
: Un- = Un- ae Un- 
Drained. drained. Drained. drained. Drained. drained. 
Tons 
Manure it tee ee ao ee os ee 18 
prior Bushels. Bushels. | Bushels. | Bushels. | Bushels. | Bushels. 
Rock phosphate ey ees eee eee 1 600 | 33. i 31. 6 63. 54. 8 16. 4 aR Is 9 
ILE SUIMCG Sas aot es tees eee a esas es 
Manure 5 sere ee LN Ie 8 
Pian ae eae See \ 34.4 26.5 58.5 57.4 12.4 10.2 
| BNR R ot? Se oh aaltepet epg ste 31.6 26.3 56.9 | °= 52:2 9.0 5.1 
DOtastoac ce eee ees eee a = =e 
REO as aati arA \ 33.9 31.8 52.6 45.5 12.4 9.6 
NFO UNI ORs ates oa ee gee a eae 
One Meals Se tae eee 2150 Tote 28.6 52.9 47.6 11.9 io 
Potassium chloride............- 2 50 
INO fertihZer <2 5! eee eee ee 32.4 25.5 47.9 38.8 8.5 4.5 
Legume. ES a Pee IRN: eee ! 
Bone:wmeg es sa eee eee 2150 
Potassium chloride. : 1.2.0... 2 50 38.2 31.0 56. 2 51.1 10.2 10.2 
TA Vii( Sa © enn te La 2, 000 
Yield of various crops per acre. 
Applica- 
Fertilizer. tion per Cowpea hay (1911). Corn (1912). 
acre. 
Drained. | Undrained.| Drained. | Undrained. 
Tons | 
Manures 23 22 ere eae cone wesc ered oe 18 | 
| Pounds. Pounds. Bushels. | Bushels. 
Pounds 4 1 AAT 2 2 f. 
‘Rock phosphatesssiqa-a. tee to eee 1 600 1,372 1, 467 47.8 43.6 
WON CS hee a Peer ee ented oe Seine nie See a eee eee 
Manure. ££ iy. Soest a ge fl i eee 8 ; 
peng tivo Se eae enmeaetied darters \ 1,227 1,199 44.9 41.0 
D0. 1 a ee Oe Ee Haass + Fine | 2,018 1,171 40.6 33.2 
ID) Obes 2 SEAR ESE EEE pera ene Ee Bh: Se aS Pee aera a ees — 
Bone scale 2 eee bas ae 2 150 1,772 1,691 43.6 41.7 
Dah S34 (epee ei ah 8 ill ok Sailr ys rape etl | Noe eal cage 
Bone;meal: 2055555 Seer soe ee os ee ae 2 150 1, 603 1, 548 44.5 40.8 
Potassium chloride...........--. seh Se Fae ncaa 250 
Novsertilizerns: © Cee Steir aes 2-5 hey}. Ce es | 1, 492 1, 152 42.9 40.8 
ORIG oe aca 2s Sat ees Se ee rae ae ea eee eee 
BOnEMeARS? Se pe Be ee oe eee 2150 | = : 
Poigsstpmschlorid Gs...) ae ee 250 | 1, 949 1,315 47.2 52.6 
Biniece. S-> be oe hy eee 2, 000 | 


1 Once every four years. 2 Applied before corn and again before wheat. 
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Not only was no comparison made between raw rock phosphate 
and the acidulated phosphates in this experiment, but no strict com- 
arison can be made between the plots treated with raw rock and those 
receiving bone meal, as in every case the two forms of phosphoric 
acid were used in conjunction with different fertilizers. The plots 
(both drained and undrained) which were treated with raw rock, 
manure, and a legume, however, showed substantial increases in yield 
- over those receiving only manure and a legume (except the drained 
corn plot in 1908, and the undrained oat plot in 1909). 

Mitler, Hutchison, and Hudelson? described four other experi- 
ments in which an attempt was made to study the relative fertilizer 
merits of raw rock phosphate and steamed bone meal in four-year 
rotations. The experiments were conducted on four series of plots 
so that each crop was grown every year. ‘The work was carried on at 


the following places: Jasper County, near Carthage; on the High . 


Hill experiment field, Montgomery County; on the Hurdland ex- 
periment field, Knox County; and on the Laclede experiment field, 
Linn County. | 

The Jasper County experiment? was conducted for a period of 
only four years and is therefore not repeated in detail but the indi- 
cations were that raw rock was quite effective when used in conjunc- 
tion with manure, the average yield of these plots leading all others, 
with the exception of the average yield of wheat on the plots treated 
with lime, bone meal, and potash. In this experiment also there was 
no comparison made between acid phosphate and the less soluble 
forms of phosphoric acid. 

The experiment field at High Hill,3? Montgomery County, Mo., is 
located “on a slight ridge which slopes considerably to the west 
from the center of the field, with the east one-fourth sloping slightly 
to the east. In neither case is the fall sufficient to cause the land to 
wash badly.” The field had been cropped to corn and oats for about 
twenty-five years, being in corn about two-thirds of the time. The 
soil is a gray silt loam grading into a dull gray silt below, which 
becomes heavier with depth, and interferes somewhat with the under- 
drainage. The soil is low in nitrogen, but fairly well supplied with 
phosphoric acid and potash. The plots were one-fifth acre each, 
and were laid out lengthwise across the slope. The experiment 
which was begun in 1907 was continued to 1913 (seven years) in a 
four-year rotation of corn, oats, wheat, and clover, but some of the 
crops were apparently not weighed. During the last year of the 

1Mo. Agr. Expt. Sta., Buls. Nos. 119, 126, 127, and 128. 


2Mo. Agr. Expt. Sta., Bul. No. 119, pp. 3-17 (1914). 
® Mo, Agr. Expt. Sta., Bul. No. 126, pp. 326-333 (1915), 
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experiment, however, three out of four of the series of plots were 
planted to corn in order to determine the effect of the accumulation 
of fertility from previous treatments. The average results of seven 
years’ work are given in Table XLIV. 


TABLE XLIV.—Average yields of corn, oats, wheat, cowpeas, barley, and clover 
hay in a4 7-year experiment at High Hill, Mo. (1907-1913). 


r Cow- | Bar- ; 
= Blues Corn Oats, | Wheat Clover 
Fertilizer. Application per acre. y ; 7} peas, ley, ’ 
8 crops.| 5 crops.| 3 crops. 3 crops.| 1 crop. 1 crop. 
Bushels.|Bushels.|Bushels.|Pounds. Busts Pounds. 
LR TRATTC Se a eee etre oe, Sa, ee oe ee (2710 Sesieo Sb: |) 2 107 ie Sava eee 
Ronenicd t= | ieppeundss feces | ee otal iad ase 
Hevuwie . Foe oes Pee ERS a ee ea Ee ; 
Bone meal. 223552525 5ee= 150: pounds!. <2 022. 0.2 - ip 34.3 34.8 20.7} 1,943 7.5 950 
Rimes. Geers iss See A tones. 266 3.2. SRA 
MOPUME loo 52 oe acees| ee coceeceee- Bo enero 
Ee ene eee ip BO] a0) aaa een 
Potassium chloride......- 5Opoundsisst sie: 2. 2 | 
Niogreatm en tas oso oS aN eee eee EER eee | DBD 23.9 9.0 | 1,267 = TY (il [eats : 
Manure pst aS: es Wh ost ea se eemseee 33.0 27.3 12.6] 1,842 SE eae 
DOSS Aas teesa coe ase | eee O8 co hc 2c eee eesioee = 
Rock phosphate.......... 500 to 800 pounds?........ \ SRS eas Ua ec Fae ee feces: 
IManureveee ete i52 Je7 SONS se ee ee se ceeseee 
Rock phosphate........-- 500 to 800 pounds?,......... ip 36.4 33.9 2055s pve SHDhIEP Sees 
WESTIN Geese ee eee aca Vee See ee ao ee ream see cies } 
Moaure: sees ess ste 8 toms$ 2-22-2222 -2------| 
poe Dhospiate aoqeccpsoss 500 to 800 pounds eceeece-- 38. 7 37. 6 20. 6 1, 717 9. 4 7 1, 975 
Sofie eee ee ee ee ae eee 


1 Application made every two years. 
2 Application made every six to eight years. 
3 Application made every four years. 

As in the case of the other two Missouri experiments no strict com- 
parison can be made between the plots treated with bone and those 
receiving raw rock phosphate, but the indications are that the reen- 
forcement of manure with the latter material was quite effective. 

The experiment field-near Hurdland,t Knox County, Mo., “slopes 
slightly to the east and to the west from the middle driveway, giving 
only fair drainage.” The soil is a dark-gray silt loam about 10 
inches deep, which grades into heavier silt loam and finally into clay 
loam. According to the chemical analysis the soil was well supplied 
with potash and phosphoric acid, but low in nitrogen. The field 
had been in corn and oats for four years preceding the experiment, 
and previously had been in meadow. ‘The field was laid out (like the 
three just described) in four tracts (A, B, C, and D) of eight plots 
each, the corresponding plots in each tract receiving the same fer- 
tilizer treatments. A four-year rotation of corn, oats, wheat, and 
clover (with cowpeas substituted when clover failed) was followed, 
each crop being grown on a different tract each year. The general 
plan of fertilizer treatment and the results of eight years’ work 
(1907-1914) are given below in Table XLV. 


1Mo. Agr. Expt. Sta., Bul. No. 127, pp. 362-370 (1915). 
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TABLE XLV.—Average yields of corn, oats, wheat, clover, cowpeas, and oat hay 
in an 8-year experiment at Hurdland, Mo. (1907-1914). 


Corn, | Oats, | Wheat,| Clover, Cow- | Oat 


Fertilizer. Application per acre. peas, | Hay, 

8 crops.| 6 crops.| 6 crops.| 3 crops. T crop. | 1 crop. 

Y ¥ Bushels.|Bushels.|Bushels.|Pounds,|Pounds.|Pounds. 

Pesume ES SEES eae gate pra M5 5 a eC 29.3 27.9 14.4 | 2,500 | 3,850 3, 850 

Oa He SEU ODO CODOCEOES Tae obe coos BAOLE AROSE se ‘ 

Pigs woe Roden \ 29.3] 31.2] 181) 3,213] 7,150| 4,150 
TEPER ON ETS) et ene aera es Li ay Ue cso a nO Ue OT 

Bonemmealaw. .e kl) ss 150) Pounds sks wiee Bey 34,1 35, 2 18.0 | 3,775 | 5,850 4,650 
AIO 5 pS ee ee ee De GO rere te NS aN 
Legume Sie ear aa Seyret 
OU® WIM sao osGubecabood]s 150 POUNGS eee secscee es 

aed Sip eG Taare eaten RC RED | 37.8 34. 3 17.1] 4,116} 6,100 4,050 
Potassium cholride....... SO POU See ere ese o eee 

INORERCAtIMCTIE AR Ss ale oe Mees sc Rae Cn eae 33.1 26.9 13.7 | 2,741 | 4,200 2, 200 

(Mamntirenet seca ts San: Shon She one ae ae ALG eS On leaala coe S4lul 3.525 | a aea25 

1D) OF Ses e nee SELOMSS aa cee eee e \ 40. 4 32.0 17.2] 3,241 | 5,450 3, 700 
Rock phosphate.......... 1,000 pounds 3 ...........-.- 
Manure cere eo alae. SiCONS SF 2 a eae oc ee teu 

Rock phosphate.......... 1,000 pounds 3............. etn, 35.7 18.5] 3,300 | 4,150 3, 500 
GED UIT Chaya teen ieee eet aR Ma Sa UE A OAS ees 


1 Applications made every two years. 
jopledonemaiec er tol sae 

In the Hurdland experiment the addition of phosphate rock to 
manure seemed to have little effect, except in the case of cowpeas and 
oat hay, where the yields were considerably greater than on the plots 
recelving manure alone. Bone meal also seemed to be more effective 
on these same crops, but as in the case of the other experiments the 
data are such that no rigid conclusion can be drawn from a compari- 
son of the results as to the relative value of the two forms of phos- 
phoric acid. 

The fourth experiment, similar in most respects to the three just 
described, 1s being conducted near Laclede, Linn County, Mo. The 
last published report! gives the results obtained after eight years’ 
work in a four-year rotation of corn, oats, wheat, and clover (sub- 
stituting cowpeas when the latter crop failed). 

The field is located on gently rolling prairie land. The soil is the 


typical Shelby loam, which consists of a dark-brown loam to fine 


sandy loam, changing at a depth of about 10 inches to a light-brown 
or grayish-brown loam. The subsoil below 18 inches is a light-brown 
stiff sandy clay. According to the analysis the phosphoric acid and 
nitrogen content of this soil was rather low. The field was laid out 
in four tracts, each tract being subdivided into eight plots, as in the 
case of the three experiments just described. The fertilizer applica- 
tions were the same as in the Hurdland experiment. 


The results of eight years’ work on the Laclede field are given in 
Table XLVI. 


e 1Mo. Agr. Expt. Sta., Bul. No. 128, pp. 388-394 (1915). 
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TasBLeE XLVI Average. yields of corn, oats, wheat, clover, and cowpeds im an 
8-year UDEV at Laclede, Mo. (1907-1914 ) 


oe aig Corn, Oats, Wheat, | Clover, | Cowpeas 
Fertilizer. Application per acre. | ¢ crops. | 6 crops. | 6 crops. | 2 crops. | 4 ines 
Bushels. | Bushels. | Bushels. | Pounds. | Pounds. ¢ 
DOS time ss eso. S| eee oe ace cine eee 32.6 28.3 14.4 2,970 2,127 © 
DY) ek 5 ae i a a SN a eI a 39.1 35.3 16.9 4, 540 3,377 
Boneaeales soos ees ek ee 150; pounds! assess see 3 
SOSUIME ae ere ke oc ces ceed | as eect seats renee 
IBonermealseees are 2 eae L50;pounds Dee eee see 43.3 37.3 16. 2 4,650 3,604 
ame ai hes el er Ltn? AW Ae ee 
Tesamer ee 2a rea sepuseess ae on 
onennealerases ae Sasson JO/POUNG Sea ceeceee eee 
Far poe Cannon a a Se 1 cHonwieaee ae ae 46.1 40.3 19.9 4,940 3, 582 
Potassium chloride.......-. HOWPOWNUS Seen eee 
INO treaimente ays Sears |e ose ooh ac eee eee 36.1 392, 7 1183 1) 3, 426 2,396 
Mantire soe Ss Sttons se ees 47,2 35.6 14.9 3, 104 2,637 
WO scuc gags sposobece st SARI € Sau seiescooods: \ 47.5) 351) - 45] 3,560] 3, 116 
Rock phosphate... .......- 500 pounds 4:2 esse Seen eel he z ; 2 ? 
ANUTO Hae eee Cas eete SibOnsie2 seo ueerccee cen 
Rock phosphate.........- S00} pounds4 sae. ess ssece 45.8 35. 0 14.3 3, 670 3,277 
MES CUIME Se ors cae ee ce a Sek ch Aeneas). wes cleo aoe 


1 Applications made every two years. 

2 Applications made every eight sen. 

8 Applications made every four years 

4 Applications made every four years, , but in 1913, the rate was inceased to 1,000 pounds per acre. 


The results obtained on the Laclede field are in a general way | 


similar to those obtained at Hurdland, namely: The reenforcement of 
manure with phosphate rock apparently had little influence on the 
former’s effectiveness, except in the case of the clover and cowpea 
crops. On the other hand, plots treated with bone meal in connec- 
tion with a legume produced considerably better average yields of all 
crops than plots receiving the legume treatment only. 

As in the case of the three previous experiments, however, no strict 
comparison between the bone and raw rock phosphate plots is pos- 
sible, and since the yields of the various crops in the individual years 
are not given, the residual effect of the phosphate treatments can not 
be determined. 

Four out of five field experiments with raw rock phosphate con- 
ducted by the Missouri Experiment Station cover a period of over 
five years. Two out of the four experiments reported in detail show 
increases resulting from the liberal use of raw rock phosphate in 
connection with organic matter. The other two show little or no 
benefit from applications of this material. No attempt was made in 
any of these experiments to compare the fertilizer value of raw rock 
and acid phosphate. 


NEW JERSEY. 


The first work of the New Jersey Experiment Station! on raw 
rock phosphate consisted of a series of cooperative experiments con- 
ducted by farmers in different sections of the State. Most of the 
experiments were conducted for one year only, and while several - 


iN. J. Agr. Expt. Sta., 6th, 7th, 8th Ann. Repts, 
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farmers continued their experiments for two years, the published 
reports show that different fields were employed the second year. 

Three other series of field tests were published by the New Jersey 
Station in 1913,1 but none was conducted for more than 2 years, so 
they do not warrant repetition. 

In 1913, however, the New Jersey station carried on two pot experi- 
ments in cooperation with the basic slag committee of the Association 
of Official Agricultural Chemists.? The purpose of this investigation 
was to test the availability of the phosphoric acid in basic slag in 
comparison with other phosphates. Experiment No. 1 was conducted 
in pots holding 20 pounds of clean white sand practically free from 
any fertilizer elements. In experiment No. 2 pots were employed 
holding 18 pounds of gravelly loam, poor in nitrogen and organic 
matter, and containing about 0.07 to 0.08 per cent of P.O, soluble 
in strong hydrochloric acid. Nitrogen, potash, iron, and sulphates 
were supplied to each pot. The phosphates were applied in such 
quantities as to furnish equal amounts of phosphoric acid, except 
the ground raw rock which supplied twice the quantity of phosphoric 
acid furnished by the other phosphates. Each treatment was run in 
duplicate, except the checks of which there were four. The crop 
grown was buckwheat which was harvested when the grain was be- 
ginning to ripen. The results of these experiments are given below 


in Table XLVII. 


- 


TABLE XLVII.—Yields of buckwheat obtained in two pot experiments with pure 
sand and with gravelly loam treated as outlined below. 


Experiment No. 1. Exreriment No. 2. 
Fertilizer. a pulication 
perpov. | Weight | Increase | Weight | Increase 

| _ofcrop. overchecks.) ofcrop. joverchecks. 

Grams Grams. Grams Grams. Grams 
INGIDROS PNAC sease-ses one see = ees cs abeces| occu loon ces De ASOn| meeee =e ias ; 124-10) oso eee : 
NCidiphospRate yas So skce esc shes ce ccc aus 5.82 16.10 13.50 30.35 6.77 
Sodium phosphates se. osc. se secs cs csceece 4.97 3.30 Su 29.65 6.07 
ESIGTCS APPA Ueeeoes aos eee = occas ol Soci 5. 67 14.15 11.55 31.15 7.57 
ASI Gis lave seer meena sea aes cee on 5. 45 16.50 | 13.90 35. 20 11.62 
PRASICISIAG OC ceo nen eee ane Sees eS 7.79 14.95 12.35 27.80 4.22 
BASICS Og Dar ie noe eas wes Sindee aeec = 6.54 15.35 12.75 33.35 9.77 
Bhreneck phosphates oes a5- cc acsccese eon 7.05 9.85 (lees 24.40 . 82 
Double superphosphate......-...........- 2.24 Veo 15.15 31.70 8.12 
INOINOS PM ale ees ee eS tess cess cen oce esos dead D2 30p |e aaeeceee eos 123205 4| pea seceeneee 


1 Average of two pots. 


In experiment No. 1, where the crop was grown in pots containing 
pure sand to which the same amounts of sodium nitrate, potassium 
sulphate, etc., were added, the water soluble phosphates produced the 


1N. J. Agr. Expt. Sta., 34th Ann. Rept. (1914); 35th Ann, Rept. (1915). 
2N. J. Agr. Expt. Sta., 34th Ann. Rept., 481-484 (1914). 
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largest yields, closely followed, however, (and in one case equaled) 
by the basic-slag pots. The raw rock phosphate pots produced an 
appreciable increase in yield over the no-phosphate pots, but far less 
than any of the other treated pots except those receiving sodium 
phosphate. This latter compound, it is said, seemed to have a toxic 


effect. t 


In experiment No. 2, where a soil was employed, the raw-rock pots 
gave little or no increase over the checks, while those treated with 
basic. slag produced in most instances greater yields than the acid 
phosphate pots. 

The data obtained in these pot experiments, however, are of such 
limited value (owing to their short duration, and also to the fact 
that only a single crop was tested) that the writers have hesitated to 
present them, but as far as they go they indicate that liberal appli- 
cations of phosphoric acid in the form of acid phosphate and basic 
slag were superior to twice the quantity in the form of raw rock 
phosphate. 


= 


NEW YORK. 


The first three experiments? conducted by the New York Experi- 
ment Station with raw rock phosphate as a fertilizer were of such 
short duration and the data presented are so limited that they are 
not considered in detail in this bulletin. 

In some pot or greenhouse experiments conducted by the Geneva 
station from 1896 to 1900 sufficient data are given to warrant a repe- 
tition of the figures and a discussion of some of the details. 

The soils in which the plants were grown in the several experi- 
ments were as follows: 

In 1896-97 a natural sandy pine land soil, supposedly poor, was 
used (110 pounds per box). In 1898-99 quartz sand containing from 
99.5 to 99.7 per cent SiO, was employed (46 pounds per box with 12 
pounds of coarse material for drainage). In 1899-1900 for some 
crops the same sand which had been used during the previous year 
after removing roots and organic matter and for some crops an equal 
quantity (46 pounds) of fresh sand. | 

Adequate quantities of readily available nitrogen and potash car- 
riers were added in each case and the same amount of phosphoric 
acid was added to each can or box in the forms given in the table. 
The effect of these phosphates on the yield of several orders of plants 
was studied by running each treatment in duplicate. 


iN. Y. Agr. Expt. Sta., Tth Ann. Rept.. pp. 356-363 (1889); Sth Ann. Rept., pp. 
256-258 (1890) ; Cornell Buls. Nos. 143 (1898) ; 1G6 (1899) ; 182 (1900).; 201 (1902). 


y 
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TABLE XLVIII.—Yields of certain crops obtained in pots containing 110 
pounds of poor sandy soil treated with available nitrogen and potash, etc., 
and various phosphates. j 


Fertilizer. Honor San as EP eee 

a per pot. | Oats. Rye. Beans, | Vetch. |Cabbage.| Rape. 
ec Sr a RS ae ae at ee Bae gL EN ae Bea 

Grams. Grams. Grams. Grams. | Grams. Grams. | Grams. 
Acidsunhosphate: <a... --2-55----- 4 93.5 226.8 22.4 PES? bY/sa) 61.4 
Florida rock (floats)...........- 4 85.7 205.5 13.8 85.7 53.0 55.2 
Mnhomasslagee re Ne 4 Meal 212.0 14.8 98.8 54.8 60.7 
Redonda phosphate...-.....-- : 4 93.0 215.0 16.9 87.6 S357 59.5 
iNolphosmhateseee 2s see aes 90.7 194.0 13.3 75.3 53.0 45.8 
No fertilizer (of any kind)....../.......... 7.3 39.5 Le 75.6 13.0 11.4 


TABLE XLIX.—Yields of certain crops obtained in boxes containing 46 pounds 
of pure sand (99.6 per cent SiOz), treated with available nitrogen and potash, 
etc., and with various phosphates. 


Yield of crops (1898-99). 


Appli- 
Form of phosphate. ra f ae 
£ 2 oma- ab- 

box. | Barley 5 Millet. | Oats. | Clover.| Vetch. toes. | bage. Rave r 

Grams.| Grams.| Grams.| Grams.| Grams.) Grams.| Grams.) Grams.| Grams. 

Acid phosphate-.-..........--- 3 | 189.6 29: 2)| 21052 93. 8 88.5 58. 7 82. 2 91.4 
Florida rock (floats)....--..- 3 9.3 1.1 9.1 2.6 31.8 1.8 64.5 TAS 
pithomasislapemere scene ace sass 3 | 181.4 8.8 | 198.9 74.0 67.5 48.4 80. 0 98. 4 
Redonda phosphate....-...-. 3} 150.1 14.4 | 170.2 37.1 61.9 57. 2 65. 4 74.9 
No Boe phate BREE SER ee eral oyoye a5) qe9 1.2 6.8 2.4 orden neniower os .8 
No fertilizer (of any kind)...|....-.-.-- 10.9 Tal 10.0 4.5 PE BAS ae 3.6 3.4 


TABLE L.—Yield of certain crops obtained in boxes containing 46 pounds pure 
sand (99.6 per cent SiO.), treated with available potash and nitrogen, etc., 
and with various phosphates. 


Yield of crops (1899-1900). 


Form of phosphate. 


PSE - Toma- | _Cab- 
box. | Barley.| Peas. | Vetch. | jo... bage.l Rape.l 
Grams. | Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
INCIGEMhOSPHAbearee sess sca Scie ee 1.5 34. 2 19.8 9.6 11.5 38.3 29.3 
Florida rock (floats)......-..-------.-- 15 8. 8 12.5 “Se Ose Gc ose 46.0 28.1 
GMM ASISIA Des ee se ee bee oho cic a SSS 1.5 21.1 15.9 8.1 8. 4 45.8 10.9 
Redonda phosphate...-..-..----...--- 1.5 18. 6 13.8 8.3 7.6 20. 0 Zep 
ING hosphatesettsse= Soe S och tet. ose eck 6.8 7.7 2:56: ecsis Son) sacs ses eee eee 
No-fertilizer (of any kind).............|.....--.- 4.g 3.7 O.0o lei clieo 


1 Cabbage and rape were grown on the sand used the previous year to which 4 grams of P2:O5 were added 


in the various forms given above. 


A study of Tables XLVITT, XLIX, and L will show that the cru- 
ciferous plants (cabbage and rape) seemed to utilize the phosphoric 
acid of raw rock phosphate almost as well as they did the more solu- 
ble forms, but that nearly all the other plants gave greater yields 
where they were treated with acid phosphate. In Table LXVIII, 
where a sandy soil was used, the difference between the soluble and 
insoluble phosphate pots was not so marked, owing in part no doubt, 
to the fact that the soil originally contained phosphates. In the 
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other two experiments, however, the sand used contained no phos- 
phate, except that added and it is rather surprising that such addi- 
tions of raw phosphate as were made, applications supplying from 
0.008 to 0.014 per cent of phosphoric acid, which is less than that 
contained in a soil abnormally low in this element. should have 
proved so eifective, particularly in the absence of organic matter. In > 
order to test the influence of fine grinding on the availability of raw 
rock phosphate and bones two pot experiments were conducted under 
the direction of W. H. Jordon? of the Geneva station. In one of 
these experiments (1899-1900) 58 pounds of pure quartz sand per pot 
were used to which no organic matter had been added, and in the other 
(1903-4) 48 pounds of sand per pot were employed to which about 3 
per cent of dried ground sphagnum moss was added. In both ex- 
periments all the pots except the blanks were supplied with the nec- 
essary fertilizer elements, the phosphoric acid, however, being 
applied in the forms of acid phosphate, bone, and eee raw rock 
of various degrees of fineness. 

In the first experiment three successive crops of rape were orown 
without renewing the phosphate treatments for the second and 
third crops, but the barley was grown in a separate set of pots. In 
the second experiment the crops grown were peas, barley, and rape, 
but each in separate sets of pots. The plants in every instance were 
allowed to attain the fullest development possible under the condi- 
tions. They were then harvested and weighed. The results ob- 
tained are given in part in Table LI which is compiled from two 
tables taken from Bulletin No. 358, of the Geneva station. 


Taste LI.—Bozr experiment to test the effect of raw rock phosphate of various 
degrees of fineness on different crops; bores contained 46 pounds each of pure 
quartz sand supplied with all fertilizer elements. 


| 
1892-1900 19 
| Appli- | 203-4 
| cation ee aoe Se ys | 
Treatment. | of POs fey bea Lee | 
| nae first | second | third Bei Peas. | Barley.| Rape. 


crop. | crop. | crop. 


i | 
Grams. Grams. ‘Grams. | Grams.| Grams. | Grams.| Grams.| Grams. 
| 2 


MONG NONI bor 


Ad! phosphace = ee 3 72.3 49.3] 26.2| 66.4] 166.7 48.0 

Florida rock: | 
GOsmesh = #2 = ee ee es eo 3 47.5 30.9 25.0 | 7.6) 6£1)} 140.0 4. 
Msnesh. feds wapcice Ti cee 3} 36.5] 30.1] 27.6] -9.0| 63.1] 1657 38. 
OG sTIESh ee ee ee ee Lee renee 3 37.6 2.5) 29.3 | 6.8 | 62.8 | 176.3 56. 
Botti cloth=.0+ 4 as hore ee 3 46.3 28.4) 20.4 i 7.8} 60.3 164.4 58. 
gE (spa cet Ah Moe SEE aS eae 3 45.2 34.0; 31.3 | 7.3) 67.5 | 172.9 58. 
Lig (iat eee Meee es Sees er es ee 3 52. 8 35. 6 32.4 iL1| 68.0] 162.7 57. 

Bone meal | | 
GEmesheehae iis. Sars er Sas 3 4.8 36.9 32.7 9.8} 59.8 | 160.0 46. 
Sites (eee tr SEES Ss Seay 3 33.0 35.9 33.0 7.3] 60.4] 1687 46. 
(OO0smeShe = a8 Pee Se ee 3 54.5 40.1 32.7 6.9 62.7} 175.3 40. 
Boley cloth S-c. 2 3. eee 3 60.9 35.1 36. 0 6.9} 61.6 164.6 44. 
BIMNeS ee a ed = ace ee 3 49.2 39.4 26.7 9.5 59.6} 177.0 48. 


IN. Y. Agr. Expt. Sta. (Geneva), Bul. No. 358 ¢1913). . 
2In the experiments conducted in 1903-4 only 1.5 grams of P;Os per pot were used, but organic matter 
was added in the form of sphagnum moss. 


EXPERIMENTAL WORK WITH RAW ROCK PHOSPHATE. ~— 85 


It is evident from the figures given in Table LI that the more finely 
raw rock phosphate is ground the more effective it becomes. The 
floats in almost every instance produced appreciably greater yields 
than the coarser phosphatic material. The same is true, though to 
a less extent, of bone meal. 


-» In the first experiment (1899-1900) where no organic matter was 


applied, the pots treated with acid phosphate showed greater yields 
than those treated with the less soluble phosphates, but in the second 
experiment where organic matter was added the very finely ground 
raw rock and floats gave as good and better yields than the acid phos- 
phate, although it was supplied in quantities far less than phos- 
phates occur in most soils. 

One other pot experiment to test the fertilizer value of several 
relatively insoluble phosphates on barley was conducted by the 
Geneva? station in 1912. 

The same artificial soil employed in the previous experiments was 
used in this test, but the quantity of phosphoric acid added to each 
pot in the various forms was from two to four times as great. Ade- 
quate amounts of potash and nitrogen were added to each pot, but 
no organic matter was employed. Each treatment was run in dupli- 
cate. 

The average results of this experiment are given in Table LII. 


TasLE LII.—Yields of barley obtained in a pot experiment (58.9 pounds of 
soil) with various phosphatic fertilizers; potash and nitrogen supplied to all 
pots. 


Amount Off saeldjot 
Form of phosphates. Bnaed barley per 
t 
per pot. ete 
Grams Grams. 
MOWOCAICIO INE DNOSPNALC sess cree Re cee eens on ae hack cae Soe eae eee 5. 82 71.0 
PEOMPORCIW ASLO se ee ete ey eth anys Soe e ad 8 Ac ee ek ce bela cte cee concent s 5. 82 - 44.2 
IASICIS | ACen eee ee ener eee en Men a. SER Ree UR Pe ee ey 5. 82 68.7 
CROMER nieSSCC ROC Kap oa Fae em Se = ein os Oe Sas eae aS Se ee sene ob Sesh e Ee 5. 82 55.7 
IB OMNES Ssh SCRE Se DEAS A EE aR ee ae ate ee tae gel ea 5. 82 74.7 
TET ATDURS 25 oo Se SSS SS eR a Se ee ea ree SO ot oy en ey (rt a eS 38.2 


The monocalcium phosphate, bone, and basic-slag treatments all 
gave yields of barley greater than the ground Tennessee rock, but 
apparently this crop was able to utilize to a certain extent the phos- 
phoric acid of this latter material. 

In view of the fact that barley in previous experiments has not 
responded readily to the less soluble forms of phosphoric acid when 
they were present in small quantities, the results of this experiment 
are not surprising, for while greater amounts of phosphoric acid 


1N. Y. Agr. Expt. Sta. (Geneva). Fertilizer Value of An Iron Ore Waste. Bul. No. 
358, pp. 252-253 (1918). 


BL 
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* were added than in the previous experiments with the artificial soil, 
the total quantity present in each pot was still considerably below 
that present in a soil of low phosphate content. 

While only one field experiment (of two years’ duration) with raw 
rock phosphate has been reported by the New York stations, the six 


pot experiments warranting consideration in detail indicate that thist 


material increases the yield of a number of crops even when applied 
in very small quantities. The data also seem to show that the pres- 
ence of organic matter renders the raw phosphate more effective. A 
comparison of the relative merits of the different phosphates used in 
these experiments, however, is hardly admissible. 


NORTH CAROLINA. 


The work with raw rock phosphate reported by this State consists 
of three field experiments? conducted for periods of one to three 
years. Owing to the short duration of these experiments and also to 
the fact that the data presented in two of them are very limited, one 


is hardly justified in considering the results even indicative of the 


relative merits of the phosphates used. 
OHIO. 


Probably the most valuable experiment with raw rock phosphate 
yet reported is one undertaken by the Ohio station in 1897.2 Not 
only has this experiment been conducted over a considerable period of 
time (18 years), but the raw rock phosphate has been applied in a 
manner generally thought to render it most effective under soil condi- 
tions. Moreover, a direct comparison is made between this form and 
the more soluble form of phosphoric acid in superphosphate. 

The field selected for this experiment was rather below the average 
in fertility, but no data are available showing the relative natural 
productivity of the treated plots. The yields of most of the check 
plots, however, with the exception of No. 1, section A, No. 7, section 
B, and No. 1, section C, have agreed fairly well throughout the ex- 
periment, indicating that the field 1s comparatively uniform. The 
soil is a sandy clay of glacial drift origin. In 1892 it grew a crop 
of oats and in 1893 it was plotted, drained, and sown to wheat. 
Clover and timothy were grown in 1895 and 1896. 

Up to the time of the experiment herein described, no manure 
whatever had been applied to the field since it came into the posses- 
sion of the State. 

1N. C. State Board of Agr., Bul. No. 128 (1907) ; N. C. Dept. Agr., Bul. No. 151, pp. 
31-34 (1911) ; N. C. Agr. Expt. Sta., Bul. No. 227 (1914). 


2Ohio Agr. Expt. Sta., Buls. Nos. 110, 134, 183, 184, 246, 305; Circulars Nos. 54, 83, 
92, 104, 114, 120, 131, 144. 
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In 1897 the field was divided into three tracts containing 20 
plots each, and a three-crop rotation of corn, wheat, and clover 
begun, so that each crop was grown every year and each tract received 
every third year the fertilizer treatments outlined below. 

A quantity of manure from the stable, where it had collected under 
Yhe feet of animals kept continually in their stalls, was taken and 
divided into five equal parts, four of which were treated with various 
reenforcing materials at the rate of 40 pounds to the ton of manure. 
The fifth portion was left untreated. Equal or equivalent amounts 
of manure from the open barnyard were similarly treated with the 
same materials. After standing for some time the manure thus 
treated was spread upon clover sod at the rate of 8 tons to the acre, 
and plowed under for corn which was followed by wheat and clover. 
During the first three seasons soy beans were grown and plowed 
under, since clover was. a failure. The arrangement of the plots is 
shown in the following diagram taken from the Ohio station reports; 
and the average yields per acre for 18 crops? and the increases in 
yield due to the various applications are given in Tables LIII 
and LIV. 


Arrangement of plots and plan of fertilizing in experiments with manure; 
plots one-sixteenth acre each. 


11. Nothing. Nothing. 1 
12. Yard manure, gypsum. 7 Yard manure, floats. 2. 
13. Stall manure, gypsum. Stall manure, floats. 3. 
14. Nothing. Nothing. 4, 
15. Yard manure, untreated. Section | Yard manure, acid phosphate. 5. 
16. Stall manure. untreated. ING Stall manure, acid phosphate. 6. 
°17. Nothing. Nothing. ib 
18. Chemical fertilizer. Yard manure, kainit. 8. 
19. Chemical fertilizer. Stall manure, kainit. ) 
20. Nothing. Nothing. 10. 
11. Nothing. Nothing. L. 
12. Yard manure, gypsum. Yard manure, floats. 2. 
13. Stall manure, gypsum. Stall manure, floats. 3. 
14. Nothing. Nothing. 4, 
15. Yard manure, untreated. Section | Yard manure, acid phosphate. 5. 
16. Stall manure, untreated. B. Stall manure, acid phosphate. 6. 
17. Nothing. Nothing. ie 
18. Chemical fertilizer. Yard manure, kainit. 8. 
19. Chemical fertilizer. Stall manure, kainit. 9. 
20. Nothing. Nothing. 10. 
11. Nothing. Nothing. il 
12. Yard manure, gypsum. Yard manure, floats. 2; 
13. Stall manure. gypsum. _| Stall manure, floats. 3. 
14. Nothing. Nothing. 4, 
15. Yard manure, untreated. Section | Yard manure, acid phosphate. 5. 
16. Stall manure, untreated. C. Stall manure, acid phosphate. 6. 
17. Nothing. Nothing. le 
18. Chemical fertilizer. Yard manure, kainit. 8, 
19. Chemical fertilizer. Stall manure, kainit. 9) 
20. Nothing. Nothing. 10. 


1 This applies to all plots, except the commercial fertilizer plots the results of which are 
the averages of 16 years. 


ee 
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Taste LIII.—Yields per acre of corn, wheat, and hay—average for the 18-year. 


period, 1897-1915. 


Corn. Wheat. 
Plot 
num- Treatment. Sa | |e 
ber Grain. | Stover. | Grain. | Straw. 
Bushels. | Pounds. | Bushels. | Pounds. | Pounds. 
Ji PANONG Sees 2k eo Seen Seer Dnesloce ees 40. 62 2,365 13. 28 1, 543 3,020 
2| Yard manure and raw phosphate............- 63.40 3, 464 24. 94 2, 674 4,357 
8 | Stall manure and raw phosphate............- 66. 75 3,677 26. 46 2, 869 4,765 
Ge BNONOR Secs cee Son oa ate ene PREIS aise eee 32. 38 2,050 ial, 75) 1,370 2, 299 
5 | Yard manure and acid phosphate............ 63. 69 3,372 26. 57 2, 907 4, 260 
6 | Stall manure and acid phosphate............. 67. 04 3,578 27. 06 3,031 4,851 
el NON GHeS face Se cr ba se ok aie eeteyas be ree se 31. 16 1, 982 16. 90 1,319 2,314 
Si vardimanureand) Kainite oc ceceeseeceseece ne 56. 67 3, 232 21. 52 2, 423 3, 547 
9 | Stall manure and kainit..........:......0.-.- 61. 54 3,475 23. 13 2,691 4, 238 
LOS BINGO age a eee eens cclnclo soon ee conan es 34. 14 2,049 11. 14 1,364 2, 488 
We eee GO eee Sesh eee ec edi eos me Pe 38. 97 2,375 14. 40 1, 732 3, 251 
P22 Yard manure and ey psums <2. seeenee este eee 60.62 |. 3,400 24.39 2,712 3, 885 
13 | Stall manure and gypsum...................- 61.48 3, 498 24. 31 2,695 3, 909 
4a NONE ce eisae meee eee esac ran os dee Dae 31.77 2,037 11. 29 1,334 2, 354 
ible Yard manures aintreated sees ers - eens ee ae 52. 85 2,921 20. 72 2, 296 3,300 
16 Stall manure, untreatedo=2--o-- 5-0-2522 se. 2. 59. 37 3,271 - 22.03 2,494 4,000 
IN fa| PAN Karas See eR I NY Re ee Renee ae Ot 37. 94 2,331 11. 59 1,409 2,694 
18)/"Chemicalsfertilizenscassnoseec st iee esate ee 47.78 2,690 16. 16 1, 841 3, 163 
LOB eee Omerssiics a bce SRE NS See a ara as se 45. 20 2,494 15. 42 1, 885 3, 255 
20d NONE Metron bacis ee cee aecles Son eaee ce oe ee eae 33. 88 2,028 10. 72 1,382 2,679 
Average from manure and raw phosphate. 65. 07 3,570 25. 70 2,771 4,561 
Average from manure and acid phosphate. 65. 36 3,475 26. 81 2,969 4,555 © 
Average from manure untreated.......... 56. 11 3, 096 21.37 2,395 3, 668 
Average unmanured yields............... 34.77 2, 153 11. 76 1,395 2,536 


Taste LIV.—Barnyard manure on crops grown in three-year rotation. Average 
annual increase per acre for entire period of experiment figured first accord- 
ing to Thorne, by comparing treated plots with the two nearest check plots, 
and second by comparing treated plots with average of all check plots. 


Average annual increase according to Thorne. 


Plot 
num- Treatment. Corn, 18 crops. Wheat, 18 crops. 
ber. Clover 
—— hay, 15 
Grain. | Stover. | Grain. Straw. CHOPS. 
Bushels. | Pounds. | Bushels. | Pounds. | Pounds. 
Zi Viardumanurejand Moatseeseesseees see selene 25. 53 1, 204 12.17 1,189 1,578 
3) sotallemanunerand: floats see eee eee 30. 95 1,522 14, 20 1, 492 2, 225 
5 | Yard manure and acid phosphate ___......... 31.72 1,344 15. 09 1, 554 1, 956 
6 | Stall manure and acid phosphate............. 30. 48 1,572 15.68 | » 1,693 2,542 
87) Yard manureland: kainit sees. e ee eee 24.11 1 PBY/ 10. 54 1,089 1,176 
97 aStallinraniwme and skate ee seis see 28. 40 1,449 12. 07 1,343 1,807 
12} Yard manure and gypsum .....-2.....::.....- 23. 83 Up Ale 11. 02 1,113 931 
13 sstallmanure and gy psumics-- oeese eles eee ee 27.31 1,348 11. 97 1, 229 1,255 
15) | ard manure, untreated 5s s2ssesee 3s 19. 03 815 9. 33 939 870 
164 sStallimanureuntreatedsa epee cessor eee 23. 48 1,015 10. 46 1,110 1,419 
Spi Chemicalstentihizerlas Seay ea eae ee 10. 74 475 4, 22 394 482 
QE Pees CO KI PS a a a es Pe au 10. 48 400 4, 26 472 635 


1 Acid phosphate, 80 pounds; muriate of potash, 80 pounds; nitrate of soda, 160 pounds. 
2 Acid phosphate, 80 pounds; muriate of potash, 10 pounds; tankage (7-30), 109 pounds 


¢) 
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TABLE LIV.—Barnyard manure on erops grown in three-year rotation, etc.——Con. 
y 


Average annual increase obtained by comparison 
with average of all check plots. 


Plot 

fae Treatment. Corn, 18 crops. Wheat, 18 crops. | (0. 

Gane hay, 15 

Grain. Stover. Grain. Straw. LORS: 

= Bushels. | Pounds. | Bushels. | Pounds. | Pounds. 
al Vardumaniunerangdunloats asses see eee e 27. 54 1,312 13. 06 1, 242 1,718 
supovallamanureland floatsess sss = sss seek ee 30. 88 1, 525 14. 58 1, 437 2,138 
5 | Yard manure and acid phosphate...._.....-- 27. 83 1, 220 14. 69 1,475 1,621 
6 | Stall manure and acid phosphate............. 31.18 1, 426 15.18 1,599 2, 214 
Sil evandsmanureandikaimitese «55020 sees 20. 81 1,080 9. 64 991 910 
Oiescallimaninevandskainite 2s. s2ee see eee ae | oe 25. 68 1,323 11; 25 1, 259 1,601 
7a YVArdamManune ang: @ypSumMee == - 52s sa 24. 76 1, 248 12. 51 1, 280 1,278 
13) s5tallmanune and gypsum=2222- 22/2928 12. - 251/52 1,346 12. 43 1, 263 1,272 
PSR VanGamanturesumMErealed sy... 22-2. 2s eee 16. 99 769 6. 40 864 700 
16yStallamannreyfumbreated 2s s5 eee ce 4a See 23. 51 1,119 10.78 1,062 1,363 
See Chemicalotenuilizen aw sens sa) see ene oe eae 12. 24 548 3. 88 392 585 
IQ) ooee LO eee eae ta a RCT er ead Bes RET 10. 58 359 3. 73 471 722 


Fy eee pen pnt meee a ee 
A study of Table LIIT will show that applications of stall manure 
produced greater yields than yard manure, and that the mixing of 
floats with the stall manure rendered them considerably more effective 
than where they were mixed with yard manure. 
Phosphates proved more desirable as reenforcers of manure than 


either kainit or gypsum. Where the two forms, raw rock and acid 


phosphate, were thus used at the rate of 320 pounds per acre every 


three years, the plots treated with the latter gave slightly greater — 


yields. Moreover, in spite of the fact that a greater quantity of 
phosphoric acid had actually been added to the plots in the form of 


.raw rock phosphate, and the conditions were favorable for render- 


ing this accumulated phosphoric acid available, the acid phosphate 
treatments appeared. to be slightly more effective even after 17 years. 

On the other hand, Thorne in comparing the various fertilizer 
treatments with the check plots assumes that any change in fer- 
tility of the soil of the various plots in the experiment field is 
gradual and, therefore, the treated plot under consideration should 
be compared with the nearest check plots rather than with the 
average of all the checks. 

Hopkins takes issue with Thorne on this point, saying “that 
the change in the direction of such a curve is just as likely to occur 
on any other plot as on the plots that happen to be numbered 1, 3, 4, 
7, ete.” The latter writer also points out that several of the check 
plots in this experiment are apparently abnormal, and Thorne’s 
system of comparison is unfavorable if not unfair to the raw rock 


plots. 


1 Soil Fertility and Permanent Agriculture, p. 250. 
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In Table LIV the average annual increase per acre for each treat- 
ment is figured both by the Ohio system and also by comparing the 
treated plots with the average of all the check plots. These two 
systems of comparison lead to very different conclusions. By the 
Ohio method acid phosphate appears to much greater advantage than 


raw rock, even though the latter is considerably less costly. By the 


second method of comparison the applications of raw rock phos- 
phate show increases in yield practically as good and in some cases 
better than those obtained from equal applications of acid phosphate. 

Another point worthy of serious consideration in this experiment 
is that the applications of raw rock were not very liberal for such a 
relatively insoluble material, the effectiveness of which depends 
largely on its thorough distribution in the soil. Such distribution 
must be brought about principally by heavy applications. Accord- 
ing to analysis, the soil on which this experiment was conducted was 
relatively low in phosphoric acid (0.08 per cent P,O;) yet even had 
none of the phosphate rock added during the 17 years of the 
experiment been removed by crops or lost in other ways, the total 
quantity of phosphoric acid present in the upper 9 inches of the 
soil would only have been increased to 0.1 per cent. The crops grown 
were such as would remove an amount of phosphoric acid equal ap- 
proximately to one-half of that added in the form of raw rock so at 
the expiration of 17 years the soil should have contained about 
0.01 per cent more phosphate than at the beginning of the experi- 
ment, an amount which in spite of thorough tillage and frequent cul- 


tivation was probably not uniformly distributed in the soil. An ex- 


periment similar to the one just described, except using heavier ap- 
plications of phosphate rock would be interesting, and yield valuable 
data on this subject. 

Another experiment with raw rock phosphate in which a ie 
year rotation of corn, oats, and clover was followed, was begun at 
Wooster in 1905.1. The following description of the field employed, 
and the history of the experiment which is known as the Lime and 
Floats Test, is taken directly from Circular No. 144 of the Ohio 
Station: 

The land had been under the regular rotative cropping of the farm since its 
occupation by the Station, and for a considerable period before, and was in good 
condition—12 tons of manure per acre had been plowed under for corn in 1904. 
Three sections of 26 plots each are included in the test, the plotS containing 
one-twentieth acre each. 

For the crops of 1905, section A (north end) was manured at the rate of 6 
tons per acre only (because of the recent application above mentioned), limed, 
fertilized, and planted to corn. Section B was sown to soy beans instead of 
clover, the beans to be followed by rye in the fall and corn in 1906. Section C 


1Qhio Agr. Expt. Sta., Circular No. 144, pp. 92-93 (1914). 
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(south end) was limed and fertilized without manure, and sown to oats and 
clover. Thenceforth the manure, lime, and fertilizers have all been applied to 
the corn crops, the manure being plowed under and the lime and fertilizers 
applied to the surface. The oats and clover receive no treatment. The clover 
seeding failed in 1906, 1908, and 1909, and soy beans were grown instead and 
harvested as hay. 


The plan of treatment, average yields per acre, for nine years, and 
the increase per acre from the various treatments figured according 


to the Ohio method and also by comparing each treatment with the 


average of all the untreated plots are given in Table LV. 

The results obtained in 1914 and 1915 have been reported by 
Thorne in Bulletin No. 305 of the Ohio station, but no yields are 
given except those of the plots receiving acid phosphate and raw 
rock. These last two years’ results therefore are not included in the 
averages given in Table LY. 
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An inspection of Table LV will show that here again very 
different conclusions may be drawn from the experimental data, 
depending on the method used in comparing the checks with the 
various fertilized plots. 

According to the Ohio method of comparison raw rock phosphate 
when applied alone at the rate of 320 pounds per acre gave some 
slight increases in yield, though not as great as the same quantity 
of acid phosphate. By the second method of comparison, however, 
practically no increase was obtained from such small applications 
of raw rock. 

Again, by the Ohio method of calculation, manured plots on which 
raw rock phosphate was applied at the rate of 1,000 pounds per acre 
as a top dressing gave an average increase in yield less than that 
obtained from plots receiving manure alone. According to the sec- 
ond method of comparison, however, the plots receiving such heavy 
applications of phosphate rock produced considerably greater yields 


than those receiving manure alone. There were no plots in this | 


experiment on which acid phosphate and manure were ‘used in 
conjunction. 


Another experiment with raw rock phosphate, using a rotation of . 


beets, oats, and clover, was begun by the Paulding County Experi- 
ment Station in 1911,' but since the data so far published on this 
experiment cover only three years or one complete rotation it is 
too early to draw any conclusions therefrom. 

In what are known as the “ Strongville experiments”? the Ohio 
station has made a comparison of the relative effect of lime and 
floats in a five-year rotation of corn, oats, wheat, clover, and tim- 
othy. 

The field used in this experiment is nearly level east and west, but 


slopes gently to the north. It was divided into four sections (A, 


B, C, and D) containing 40 plots of one-tenth acre each. The soil 
of the field is a heavy white clay naturally low in phosphoric acid, 
and had been employed in a fertilizer experiment under the same 
system of rotation for 12 years. After the introduction of the lime 
and ficats the applications of the other fertilizer materials were con- 
tinued as before, but each plot was divided into two parts, on one 
of which floats were applied and on the other ground limestone. 
The dressings have been 2 tons of limestone per acre on the south 
half of each entire section, and 1 ton of floats per acre on the north 
half, the applications being made on the corn crop only. The aver- 
age yields of the checks and the variously treated plots in each sec- 
tion from 1905 to 1912, inclusive, are given in Table LVI. 


1 Ohio Agr. Expt. Sta., Buls. Nos. 258, 273, 286. 
2Qhio Agr. Expt. Sta., Bul. No. 260, 
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Table LVI shows that on plots receiving no other fertilizer and 
also on those upon which nitrogen and potash but no soluble phos- 
phate was used, the portion treated with “ floats” gave consistently 
greater yields than that portion treated with ground limestone. The 
effect of the floats also appears to be cumulative. In regard to the 
plots receiving stable manure, little difference is noted between the 
portion treated with “floats” and that receiving applications of 
limestone. The floats, however, were applied after the manure had 
been plowed under. While no direct comparison can be made be- 
tween acid phosphate and ground raw rock in this experiment it will 
be seen that where the soluble phosphate was employed (in com- 
plete fertilizers) in addition to the floats the yields were consid- 
erably greater than where the floats were used in conjunction with 
potash and nitrogen carriers only. 

In Table LVII the average yields of each of the five crops of the 
rotation throughout the entire period of the experiment are given. 


These averages include six crops each of corn, oats, wheat, and clover - 


and three crops of timothy grown in four years and averaged as 
four crops. 


TasBLeE LVII.—Average yields of crops, on plots treated with lime and floats, 
five-year rotation, Strongville. 


Plots and treatment and average yield per acre. 


Plots Nos. Plots Nos. Plots Nos. 


Plots Nos. | 3, 5, 9, nitro- 17 to 33, 11 to 36, 
Crop. Unfertilized. 18, 20, 30, gen or potas- | complete fer- | complete fer- 
yard manure. sium; no tilizer, low tilizer, high 

phosphorus. nitrogen. nitrogen. 


| nem ft 


Come: Pe he bushels. .| 24.92 | 28.53 | 35.96 | 35.53 | 26.61 | 32.03 | 38.44 | 36.78 | 37.40 | 37.81 
Oats eee ee bushels...) 33.41 | 40.71 | 40.74 | 48.04 | 36.10 | 44.37 | 45.90 | 52.13 | 44.27] 51.21 
Witeatit lek mec pushels..| 8.38 | 10.06 | 18.33 | 17.69] 8.82] 10.43 | 19.79 | 17.70 | 20.43 | 18.48 
Glover... at eee. pounds. .| 2,383 | 3,650 | 3,945 | 4,653 | 2,587 | 3,921 | 3,504 | 3,974 | 3,630 | 4,217 
Mimothy= ase aoe pounds. .| 1,809 | 2,890 | 2,294 | 3,090 | 1,818 | 2,539 | 2,262 | 3,126 | 2,356 | 3,096 


This table shows in a more condensed form what is shown in de- 
tail in Table LVI namely, that floats when applied liberally are 
effective on a soil of low phosphate content and that probably their 
chief function is the furnishing of phosphoric acid. 

In this particular experiment the raw rock phosphate apparently 
became increasingly available after the soil had been plowed and 
cultivated for a number of years, and the finely divided rock thus 
more uniformly and thoroughly distributed. 

The writers feel that the work of the Ohio Experiment Station 
shows pretty conclusively that even medium applications of ground 
raw rock phosphate have produced decided increases in the yield 
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of crops, and that the efficiency of this material is increased by the 
mixing or composting with organic matter. The data presented 
by the Ohio Station, however, hardly appear to justify in the judg- 
ment of the writers a definite conclusion concerning the relative 
merits of raw rock and acid phosphate even under the conditions of 
Whe Ohio experimental work. 


PENNSYLVANIA. 


The Pennsylvania Experiment Station in 18831 undertook what 
is probably the first recorded experiment with raw rock phosphate 
conducted by the stations in this country. Since the work was car- 

ried on for a year only under conditions which were not controlled, 
the results do not warrant repetition. 

A field experiment to test the fertilizer value of various phos- 
phates was also begun by the Pennsylvania station? in 1883, and 
continued on the same field till the close of 1895, a period of 13 years. 

The field selected for this experiment has a slight and uniform 
slope to the southeast. “The soil of the plots is a so-called lime- 
stone clay formed from the decomposition of the surrounding and 
underlying rock, which is largely a magnesian limestone. It has the 
general appearance of a clayey loam. During 1880 and 1881 the 
land was in grass (clover and timothy) and in 1882 in potatoes. 
No manure was applied to either crop.” In 1883, in an effort to de- 
termine the uniformity of the field, it was divided into 12 plots of 
one-twentieth acre each, and planted to oats without the application | 
of any fertilizer whatever. 

In Table LVIII the average yield of the plots which cibecqucner | 
received the same fertilizer treatments are given. 


: Taste LVIII.—Average yield of oats on various plots of experiment field before 
application of fertilizer. 


Yield per 

Plot letter. acre of 

oats, 1883. | 

| 

Bushels. 
mean GiGS ee kee” 45. 94 
Brands. fs 5 3. soso eaen sce 46. 56 
Crndle* 35S See 49, 38 
DSON Gs. ee ese oe oecemecos 49.06 

rand Ke. es ose aces cee 54. 

PAT eee cine eae 52. 81 


While it has been repeatedly pointed out that the yields obtained 
with a single crop can not be taken as proof of the relative natural 
1Pa. Agr. Expt. Sta., Ann. Rept. for 1884, pp. 33-35 (1885). 


2Pa. Agr. Expt. Sta., Ann. Repts. for 1884 (1885) ; 1886 (1887) ; 1888 (1889) ; 1889 
(1890) ; 1895 .(1896). 
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fertility of the various plots, the indications are that the average 
natural productivity of the check plots and those afterwards re- 
ceiving only a mixture of potash and nitrogen, was greater than that 
of the plots on which phosphates were applied. It will also be seen 
that the average yield of the plots afterwards treated with acidulated 


phosphate was less than the average of any of the other plots. € 


A regular four-year rotation of wheat, grass, corn, and oats was 
begun in 1884. The fertilizers were applied only to the wheat and 
corn crops, being sown broadcast after the field was plowed, and 
subsequently harrowed in. Muriate of potash and ammonium sul- 
phate were applied to each plot (except the checks) at a rate sup- 
plying 100 pounds of potash (K,O) and 47 pounds of nitrogen, respec- 
tively. The phosphates were applied at a rate supplying 32 pounds 
of phosphoric acid (P,O,). During the entire period of the experi- 
ment fertilizers have been applied six times. 

The average results obtained from duplicate plots are 5 poe in 
Table LIX. 


TABLE LIX.—Average yields of various crops grown in four-year rotation on the 
same field for a period of 12 years (1884-1895). 


Average yield (three years) per acre. 


Plot letter. Fertilizer. tion per 
acre.! | Wheat, | Grass, | Corn, 
grain. hay. ears. 


——_———_ JE ————— ——_ | | — __—____ 


Pounds.| Bushels.| Pounds.| Bushels.| Bushels. 
28. 23 3, 167 48. 86 43. 42 


AvandiG 4 esse. ht Dissolved bone black.......... 
Muriate of potash............. 

Ammonium sulphate.......... 240 

IBrandvie so cease eoceeee Reverted phosphate........... 200 
Muriate of potash -. 2. .2....... 200 

Ammonium sulphate......... 240 

Cran Olea ese e ee ck oe Finely ground bone........... 150 
Murnatelonpobashes-esesesceee 200 

Ammonium sulphate......... 240 

150 

200 

240 

200 

240 


SS 


29.89] 3,300] 49.60] 47.10 


31.58] 3,365] 51.96 49.39 


LOCK: BAe ok > eee IY res 
Muriate of potash............. 
Ammonium sulphate.......... 
Rand aK ee seecien eee Muriate of potash............. 
Ammonium sulphate.......... 30. 57 2,492 40. 68 45. 54 
YANG byes scone cobeeee INOenilizente ee eee eee ees Se ee. 22. 52 2,048 33. 07 38. 81 


31. 56 3, 133 47. 64 48. 24 
1 Applications made every other year. 


Considering now the average yield of each crop from the variously 
treated plots during the 12 years in which the fertilizer effects 


were studied, we find that larger yields of wheat (grain) were ob- 


tained on the less soluble than on the readily soluble phosphate plots, 
and that the plots treated with raw rock phosphate compared favor- 
ably with those receiving any other form of phosphoric acid, even 
when the apparent natural fertility of the various plots (as deter- 
mined by the crop of oats grown in 1883) is taken into consideration. 

In the case of hay (grown in 1885, 1889, and 1893) the produc- 
tion on the plots treated with other forms of phosphoric acid showed 
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to somewhat greater advaniage than the raw rock when the apparent 
_ natural fertility of the various plots is considered, but the difference 
_ between the acid phosphate plots and those treated with raw rock 
was so slight as to be well within experimental error. All the phos- 
phate plots gave considerably greater yields of hay than those re- 
ceiving no phosphate. 

The corn crops (1886, 1890, 1894) showed their best yields on the 
plots treated with finely ground bone and reverted phosphate. When 
the natural (apparent) fertility of the plots is taken into considera- 
tion, the acidulated phosphate plots show better yields than the raw 
rock plots. All the plots treated with phosphates, however, showed 
considerably greater yields of corn than those receiving no phos- 
phates. ~ 


With oats, the ground-bone plots gave on the whole better yields 


than any of the other phosphate plots, but the raw-rock plots were 
not far behind and showed to considerably greater advantage than 
those treated with soluble phosphate. 

In summing up the results of this experiment, Hess? of the 
Pennsylvania station, concludes that, considering the cost of practi- 
cally equal quantities of phosphoric acid in its various forms, ground 
bone and raw rock phosphate gave the largest returns for the money 
invested, “thus indicating that the insoluble phosphoric acid is of 
more value as a manure than is often supposed * * *,” 

While the results do seem to show that raw rock phosphate had a 
distinctly beneficial effect on this field, the increases in yield appear 
to the writers out of proportion to the six light applications of this 
material employed, since the total quantity of phosphoric acid thus 
applied (provided none was removed or lost) would not be sufficient 
to add 0.01 per cent to the upper 9 inches of an average soil. In 
other words, raw rock phosphate was applied at the rate of about 54 
pounds per acre per annum. 

The only other work on raw rock phosphate reported by the Penn- 
sylvania station is a laboratory experiment conducted by McDowell? 
in 1908, to test the effect of rotting manure on the solubility of a 
natural phosphate. This experiment is mentioned elsewhere in this 
bulletin. — 

While the field work of the Pennsylvania station seems to indicate 
that raw rock phosphate was effective in increasing crop yields, the 
increases obtained seem so out of proportion to the light applications 
made that the writers hesitate to attach great importance to the re- 
sults. As far as they go, however, the data show as great a response 
from the less soluble as from the more soluble forms of phosphoric 
acid. 

1Pa. Agr. Expt. Sta., Ann. Rept. for 1895, p. 210 (1896). 
2Pa, Agr. Expt. Sta., Ann. Rept for 1907-8, pp. 175-178 (1908). 
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RHODE ISLAND. 
The first field work of the Rhode Island station with raw rock 


phosphate was reported by Flagg and Towar? in 1893, and consisted — 


of an experiment conducted for one year only. 

In 1912, Wheeler? reported results of a three-year experiment 
with various phosphates. The short duration of these experiments 
and the absence of check plots make a repetition of the details 
unjustifiable. 

An experiment to test the relative value of various phosphates on 
limed and unlimed land was begun by the Rhode Island station in 
1894.8 Hartwell* published a summary of the results of 20 years. 

It is said that the field selected for this expermnent was of uniform 
character, and had not been treated with fertilizer for a number of 
years, producing only a small crop of hay previously to the plotting 
of the land. The soil is Miami silt loam, composed of glacial drift of 
granitic origin. In 1893 the field was divided into 18 plots (the num- 
ber being increased to 20 the following year), of two-fifteenths 
acre each, and in order to obtain an index to their natural fertility 
Indian corn was grown on the entire number without the application 
of any fertilizer whatever. The yields per plot obtained in this pre- 
liminary experiment are given in part in Table LX. 


TaBLleE LX.—Fertility of plots as measured by the yield of Indian corn in 1893 
previous to fertilizer treatment. 


Yield per | eetey ve \ ; oe per | Relative 
plot ertility lot fertilit 
Plot number. Greizht of | (plot Plot number. (weicht A (plat 
earcorn). | 67=100). || earcorn). | 68=100). 
Pounds. | Per cent. || | Pounds. Per cent. 
Bisse cna cae oe ee 159 |b -7 | ae ae re cee ee Se eI Se 132 107 
eee ey i ek ey 124 95 | BA fe te hoe cee ee i ae Napees 103 84 
eae oat ya oa 7 140 10894 [ 565 o ons ed 95 77 
ne ee Re et 142 109: | 585, ple 2 ee ee sae 73 59 
A) peso hay Reened * 12 127 98:/"G05. 23s ere aaa Ev 86 70 
eee SPS eas Sie tae 79 61516293: fai Ce ee 90 73 
eas ee ene ren eres 111 BO GE ee RS 98 80 
ee ee A a oe eae eas 114 |} 884) GBis 2s soe ee eee 146 119 
Ce ee Se ee Se 130 } 100! GSSee eee eee eee 123 100 


An inspection of Table LX will show that the yields of the odd 
numbered plots (which were subsequently limed) were in nearly every 
instance greater than the even numbered plots (which received no 
subsequent applications of lime). It will also be seen that pte 61 
and 62 which afterwards received applications of “floats” gave 
smaller yields of corn than any of the other plots with the exception 
of plots 58 and 60. 

While the yields obtained in only one year can not be taken as 
proof of the relative natural fertility of the various plots, the indi- 
cations are that plots 61 and 62 were poorer than most of the others 
in the field including the check or no phosphate plots. 

1R. I. Agr. Expt. Sta., 5th Ann. Rept., pp. 159-160 (1893), 
2R. I. Agr. Expt. Sta., Bul. No. 148, pp. 21-29 (1912). 


SR. I. Agr. Expt. Sta.. 7th Ann. Rept., p. 122 (1894). 
4R. I. Agr. Expt. Sta., Bul. No. 163 (1915). 
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In Table LXII showing the yields of crops obtained during the 


first period (five years) of the experiment it has been assumed 


that the preliminary corn crop of 1893 is an index of the natural fer- 
tility of the experiment field. This assumption may not be justified, 
but it serves to show what different conclusions may be drawn, de- 


® pending on the method employed in comparing field results. 


The actual yields therefore have been recalculated on the basis of 
the apparent natural fertility of the plots as determined by the 1893 
corn crop. By subtracting this value from the actual yield the gain 
due to the fertilizer treatment has been determined and recorded 
under the heading “ Calculated Increase.” 

This method of comparison is not used in the second and third 
periods of the experiment, since any initial inequalities in the field 
were probably modified by five years of fertilization. 

The application of fertilizers was begun in 1894. At this time 
one-half of the plots (odd numbers) were limed at the rate of 1 ton 
per acre. Similar applications were made to the same plots in 1903, 
aid again in 1911. The plots having even numbers have received 
no lime whatever during the experiment. Ample amounts of soluble 
potash and nitrogen carriers were applied to all plots (limed and un- 
limed) each year. For the first five years, 1894 to 1898, inclusive, the 
various phosphate carriers were applied in quantities representing at 
that time equal money values. In 1899, however, it was decided that 
in view of the fluctuations in the price of the various phosphates it 
would he wiser to equalize the amount of phosphoric acid on each 
plot. This equalization, though not completed till 1902, was brought 
about by ceasing the applications of the insoluble piecenans but 
continuing to pes the more soluble phosphates. 

From 1902, up to the close of 1918, no phosphate whatever was 
applied to any of the plots. 

The experiment, therefore, may be divided into the three following 
periods: First, from 1894 to 1898, inclusive, when equal money values — 
of the several phosphates were applied. During this period phos- 
phoric acid was added in the form of raw rock phosphate in consid- 
erably greater quantities than in the form of the readily soluble or 
available phosphates. Second, from 1899 to 1902, inclusive, when ~ 
the phosphoric acid applications were being equalized on all the 
plots; and, third, from 1903 to 1913, inclusive, when the residual 
effects of equal amounts of phosphoric acid in the different forms 
were being studied. 

In the following table, which is taken from Bulletin No. 163 of the 
Rhode Island station, the rate of application (per one-tenth acre) 
of the various phosphates, up to the close of 1898, are given. The ap- 
plications of all the phosphate carriers except raw rock were then 
continued until the amount of phosphoric added to each plot was 
the same. This equalization was completed in 1902. 
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TABLE LXI.—Sources and amounts of phosphoric acid applied to the different 
plots* (1894-1898). 


Cost per 


ton as 
Plot Sree source of 
num- Source of phosphoric acid. phos- 
bers. phoriec 
acid. 

Dollars. 

5152: i Dissolved: bone black....2s2=..2.c2-s0ece 15. 00 
Sond eDissolvedubone j10ccee ere 12s a 5 ol eee 14. 00 
55,56 | Dissolved phosphate rock.............--- 13. 00 
57258) | Hane eroundsbotie..---_..- 2242-022. ....| 19.00 
59,60 | Thomas slag phosphate..............---- 14. 00 
61,62 | Raw phosphate rock..................--- 11. 00 
63,64 | Raw Redonda phosphate...............- 15. 00 
65,66 | Roasted Redonda phosphate. ........... 33. 00 
q Double superphosphate..-......-.------- 37. 00 


Application of the phos- | pphos- 
phate per #5 acre. phoric 
eid Cost 
applied oe 
Total | inthe eae 
or 1896, | 5 years F 
1894. 1895 1897, ’ ce era acid 
1898. 
Pounds.| Pounds.| Pounds.| Pownds.| Dollars. 
60. 0 60. 0 60. 0 31.8 1.35 
50. 4 55.0 45.0 25.0 1. 05 
92.7 120.0 125,11 44.5 1. 86 
42.3 43.9 43.9 35.0 1. 24 
76. 6 66. 0 66. 0 38. 4 1. 46 
92.7 94.1 94.1 73.9 1. 54 
52.8 52.9 52.9 56. 0 1.19 
33.0 33.0 33. 0 45.3 1. 63 
De bet ee a 31.1 PART 226.5 21.05 


67.68 {De phosphate: sss 23.2 hn Ses Lae aS AS. Rae Sl aetncigaetotel| ese eral rae eee | Cee ere | eee 


1 The dimensions of each plot are 30 by 193.6 feet, giving an area of two-fifteenths of an acre; but, in har- 
vesting, the crop on the edges and ends of the plot is usually eliminated and the product from only one- 


tenth of an acre is weighed. 


2 During four years instead of five, since double superphosphate was not included in the experiment 


until 1895. 


- 


At the close of the first period of the experiment it will be seen 
that approximately twice as much phosphoric acid had been added 


in the form of raw rock as in other forms. 
in 1895, and hay in 1896, 1897, 
The yields of the various plots are given in detail in Table 


ing this period were corn in 1894, oats 
1898. 
LXII. 


The crops grown dur- 


TABLE LXII.—Yields of corn, oats, and hay obtained during the first period 
of experiment (1894-1898). 


[Yields given in pounds per one-tenth acre.] 


Corn, 1894. Oats, 1895. Hay, 1896, 1897, 1898. 
Limed Unlimed. Limed. Unlimed Limed. Unlimed 
[>] oO (-?) o Oo oD 
i oes ali as as as as at as 
Source of phosphoric acid. 2 ag g a 2 5 g g 2 g 2 a 
Ae c= isle ee ers sl eee fee lem eis ee al setsl 0S) = = 
rd este cel ott = crite re oe os] y= ro ons 
ee ls = | SiS ss) BS Ice) = ro gees 
tS) oe Eo) oe rs) oe cS) oo o oe ro) of 
a= a5 By =p iss be 1 at iss 3 ips 3+ 
@ [sel @ [Se | ce | eo oe] ee | es ee eee wees 
| So So Se 3 |3o 5 | Zo = Zo Sela 
SISEN is (SEs |S Mets. |Se) 4. 22 
<P fe ee = cea es < = qo ois 
Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs 
Dissolved bone black.....-| 339] 100] 278; 125] 118 61 96 59 | 1,649 | 107] 712 495 
Dissolved bone.......--.-- 270 84 | 202 82 | ~ 96 51} 101 72 | 1,463 | 262] 601 430 
Dissolved phosphate rock.} 297 85 | 245] 135] 103 52] 113 86 | 1,621 | 256| 680 524 
Fine ground bone......-.-. 200} —14] 170 76 87 36 84 63 | 1,771 | 394} 948 828 
Thomas slag phosphate...| 242| 50] 178] 78] 94] 48] 91] 66] 1,685] 447 /|1,096| 954 
Raw phosphate rock...... 110 | —10} 146 42 70 41 76 50 | 1,699 | 928] 832 684 
Raw Redonda phosphate..| 108} —59| 110| —4 61 21 50 22 | 1,129 55 | 385 123 
Roasted Redonda phos- 
MW = sosedseboesaadesec 8 6 99 | —71 41 0 53 11] 1,568 | 456] 392 150 
No phosphate. ...........- 196 {sews EE) a eee STNG So 6255 | eee Reo 1, D645 ee 203i aes 
Double superphosphate. ..|.....-|-..--.|------|----.- 82) eee 80) eae 1, AG4e ace BY A llesosce 


1 Values given in this column obtained by subtracting from actual yields calculated yields as deter- 
mined by corn crop of 1893.. Actual yields—(Check plot yield xXrelative fertility )}= calculated increase. . 
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A study of Table LXII will show that in 1894, the first year of the 
experiment, the plots receiving applications of raw rock phosphate 
gave no increase in the yield of corn, even when the probable differ- 
ence in the natural fertility of the raw rock plots and the check plots 
is taken into consideration. The soluble phosphate plots (both limed 
and unlimed) on the other hand gave substantial increases in yield 

over the check plots. The following year (1895) the yields of oats 
on the raw rock phosphate plots exceeded that of the no phosphate 
plots by a considerable margin, and during the next three years of 
the first period, the yield of hay on the raw rock phosphate plots 

(both limed and unlimed) surpassed the yield, not only of the check 
plots, but of the soluble phosphate plots as well, indicating that the 
ground raw rock was becoming increasingly effective. 

Owing to the change in the plan of the experiment the plots were 
again left in grass in 1899. It was intended to equalize the phos- 
phoric acid applications on all the plots (except the checks) this 
year, but owing to a mistake the additions of phosphoric acid in other 
forms was not brought up to that already applied in the form of 
raw rock until 1902. 

‘No separate figures are given for the grass crop of 1899, but in 
1900 the land was plowed, treated with adequate quantities of mu- 
riate of potash and nitrate of soda, and planted to corn. The fol- 

. lowing year (1901) miscellaneous crops were grown in each series in 
rows extending across the plots. 

In 1902, the fourth year of the second period, the plots were 
planted in soy beans. The results of this second period of the 
experiment including the years 1900, 1901, and 1902 are given in 
Table LXITI. 


TaspLE LXIII.—Yields of crops obtained during second period of experiment 
(1899-1902). i 


1900: 1901: 1902: 
Corn, yield per Miscellaneous Soy beans, yield 
acre. crops.! per acre. 
Treatment. 
Limed. | Unlimed.| Limed. | Unlimed.} Limed. | Unlimed. 
Bushels. | Bushels. | Per cent. | Per cent.| Bushels. | Bushels. 
Dissolved bone black......-.-..--..------ 71.1 54.7 304 27. 23. 
MISSOlVved DONC s.2s.0 see hoe e ccc cbctccs 75.6 63. 2 327 366 29.3 26.8 
MCI ROSPHALO wat sce Oo ase seine ne eae se 78.5 70.9 250 395 Pe Uh 25.3 
MinevgerouNGd DONG. 22 25s 02s snc. ss. 5 eel. s 84.0 69.8 329 440 29.3 27.5 
asicvslagameale tee eee eee ee 79. 4 65.6 336 444 29.8 27.3 
Sas poem cite CGT in a 82.3 67.8 243 382 26.5 23.6 
UBC ONGIGO CLAW.) ogee eee ec eeh acs sccse 76.4 54.3 93 177 17.2 16.0 
Redondite (roasted)... --. 52.2. .2 eee 82.6 54.1 257 226 24.6 19.1 
INoiphosphatess ecco cecicccewccee cscs e=- U5 1! 48.1 100 100 16.7 14.2 
Double superphosphate...............---- 78.3 50.9 279 143 25.3 19.7 


1 Relative yields of miscellaneous crops, taking no phosphate plot as 100. 


For the second year of the second period of the experiment when 
the plots were in corn, the raw rock phosphate plot (limed) exceeded 
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the yields of all the soluble phosphate plots and was only surpassed 
in actual yield by the plot treated with fine ground bone. Raw rock 
also ranked among the highest of the unlimed plots, exceeding in 
yield the plots treated with dissolved bone black, dissolved bone and 
double superphosphate. 


During the third year of the second period, however, when se 
cellaneous crops were grown the plots treated with the more available ~ 


and soluble phosphates showed to greater advantage. A point un- 
favorable to the less soluble phosphates in this experiment is the fact 
that many of the miscellaneous crops were cut and weighed before 
maturity. Since acid phosphate undoubtedly gives greater early 
stimulation than the raw phosphates, the effect of the former was 
possibly more marked than it would have been had the crops been 
allowed to mature. 

The results with soy beans during the fourth and last year of the 
second period of the experiment were also more favorable to bone 


meal, slag, and the soluble phosphates than to the ground raw rock, > 


both on the limed and unlimed series, but the floats gave greatly in- 
creased yields over the no-phosphate plots. Large amounts of all 
phosphates, except raw rock phosphate, were added this year, in 
order to bring about the equalization of phosphate applications. It is 
rather surprising, therefore, that the plots so treated should not have 


given much greater increases for this year than the raw rock plots to. ~ 


which nothing had been added since 1898. 

The third period of the experiment began in 1903, when 19 mis- 
cellaneous crops were again grown across the plots in both series, a 
few rows only being devoted to each crop. In 1904, oats were grown 
and harvested as hay, and in 1905 and 1906, the field was in hay. 
In 1907, miscellaneous crops were again planted across the plots. 
Whitecap corn and a few rows of turnips were grown in 1908. In 
1909, all the plots were planted in potatoes, which were followed by 


rye. The rye was harvested in 1910, and Hungarian grass planted. - 
In 1911, oats were grown followed by rowen, and in 1912 and 1913 


the field was again in hay. The yields obtained from the various 


plots during this third period of the experiment are given in detail in 


Table LXIV. 


€ 
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Considering the results obtained during the third period of the 
experiment the yields of miscellaneous crops in 1903 were on the 
whole considerably greater on the soluble-phosphate plots and those 
treated with basic slag and ground bone than on the raw rock phos- 
phate plots. 


In 1904 the raw-rock plots (limed and unlimed) gave smaller?! 


yields of oat hay than any of the soluble-phosphate plots, with the 
exception of double acid phosphate (unliimed.) The yields of hay 
from the raw-rock plots, however, in 1905 and 1906 compan quite 
favorably with those of the other phosphate plots. 

The yields of most of the miscellaneous crops grown in 1907 were 
greater on the soluble phosphate, bone, and basic-slag plots than on 
those treated with raw rock phosphate, but the average yield ob- 
tained on plots treated with the latter material were very much 
greater than those of the check plots. 

In 1908 the yield of whitecap corn from the raw-rock plot 


(unlimed) was greater than that from any of the soluble-phosphate - 


plots, but did not equal the yields of the ground-bone and basic-slag 
plots. On the limed series, however, the yields of corn were greater 
on the basic-slag, bone, and soluble-phosphate plots. The results with 
the few rows of turnips grown this same year on the limed series 
were more favorable to raw rock phosphate than to any other phos- 
phate application, but on the unlimed series basic-slag treatment 
showed to much greater advantage. 

In 1909 the yield of potatoes from the raw-rock plot (limed 
and unlimed) was exceeded by all the other phosphate plots except 
raw Redonda, dissolved bone black (unlimed) and double super- 
phosphate (unlimed). The rye which was planted in 1909 and 
harvested in 1910 gave considerably better yields on the plots (limed 
and unlimed) treated with slag, bone, and the soluble phosphates 
than on the raw-phosphate plots. The same was true of Hungarian 
hay which followed rye. In 1911, however, the yields of oats on 


the raw-rock plots compared very favorably with the yields from — 


the plots which had received equal amounts of phosphoric acid in 
other forms. The hay crops in 1912 and 1913 were somewhat better 
on the slag, bone, and soluble-phosphate plots than on those treated 
with raw rock, but the yields of turnips this same year from the 
raw-rock plots compared favorably with those from the plots receiv- 
ing other phosphates, except dissolved bone black and basic slag 
(unlimed). 

In summing up the results of this long-time experiment it can be 
said that distinct increases in yields were obtained from the use of 
raw rock phosphate. In nearly every case where this material was 
applied in quantities supplying from two to three times as much 
phosphoric acid as acid phosphate it compared favorably with the 
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latter material after lying in the soil for some time (two years), and 
becoming thoroughly distributed through tillage and cultivation. 

On bringing up the applications of slag, bone, and acid phosphate 
to the point where equal amounts of phosphoric acid were added to 
all plots except the checks, the latter forms were on the whole some- 
‘what more effective than raw rock phosphate, particularly on the 
limed plots. This, however, is what might be expected in view of the 
‘greater solubility of bone, slag, and the acidulated phosphates and 
the greater ease with which they are-distributed in the soil. Indeed, 
it seems rather surprising that raw rock phosphate should have given 
such continued increases in yield when the total quantity added in 
20 years (provided none was removed by the crop grown) was 
sufficient to add less than 0.03 per cent of phosphoric acid to the 
upper 9 inches of a soil of medium texture. When using a phos- 
phatic fertilizer, the effectiveness of which depends upon heavy ap- 
plications, the use of 2,000 or 2,500 pounds per acre in 20 years seems 
a very light application. 

A pot experiment with the soil taken from the 20 plots of the ex- 
periment field just described was undertaken by the Rhode Island 
station in 1905,1 just three years after the phosphoric acid applica- 
tions had been equalized on all the phosphate plots. Limed soil was 
taken from the odd numbered plots and unlimed soil from the even 
numbered plots. 

The results obtained in the growing of wheat for two weeks were 
fairly well in accord with the field results obtained on the same soil 
when equal applications of phosphoric acid were employed. In 
_ both cases the beneficial effect of lime was very marked. The short 
duration of this experiment, however, renders detailed discussion un- 
warranted. 
® The results of the Rhode Island station’s work, in the opinion of 
the writers, point strongly to the value of raw rock phosphate as a 
fertilizer. Even when applied under such adverse conditions as in 
the station’s 20-year experiment the raw rock phosphate plots gave 
very marked increases over the no-fertilizer plots, and in many in- 
stances surpassed those treated with more soluble phosphates. The 
writers feel, however, that the data afforded by this experiment are 
insufficient to warrant a strict comparison of the relative merits of 
the various forms of phosphoric acid. 


SOUTH CAROLINA. 


While the South Carolina Experiment Station has reported 23 ex- 
periments with raw rock phosphate, 20? of these have been conducted 
for one year only and 2# for a period of three years. 


1R. I. Expt. Sta., Bul. No. 109 (1905). 

2S. Cc. Agr. Expt. Sta., Bul. No. 5 (1889); Bul. No. 12 (new series) (18938) ; Bul. No. 
14 (new series), p. 4 (1893) ; Bul. No. 18 (new series) (1894). 

3S. C. Agr. Expt. Sta., Bul. No. 2 (new series) pp. 80-82 (1891). 
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A more valuable experiment with raw rock phosphate is that re- 
ported by Keitt* in 1914. While the results of four years’ work in 
the growing of corn and cotton on plots treated with various phos- 
phates alone, and in combination with other fertilizer materials have 


been reported, this work is said to be only preliminary and is there- 
t 


fore not discussed here. 

None of the experiments of the South Carolina station have been 
continued long enough to warrant discussion and therefore no con- 
clusions may be drawn concerning the value of raw rock phosphate 
as a fertilizer. 


“TENNESSEE. 


The Tennessee station has published the results of 10? field ex- 
periments with raw rock phosphate. Seven of these experiments 
cover periods of only one to two years. | 

The average results obtained in three experiments covering periods 
of from three to four years and conducted by, or under the direction 
of the State station, were published by Mooers? in 1912. A rotation 
of cowpeas and wheat was practiced in these experiments and four 
different types of phosphate fertilizers were tested both on limed and 
unlimed plots. 

The beneficial effect of thine on these three forms was quite 
~ marked except in the case of the raw rock phosphate and basic slag 
_ plots. The latter material appears to have been the most effective of 
all the phosphates, aye in part no doubt to the free lime which it 
contained. 


If the average yields of all three forms are considered, the raw rock ~ 


plots (unlimed) compare very favorably with the acid phosphate 
(unlimed) plots, but where lime was applied the average yields 
were considerably more favorable to acid phosphate. 

If, however, the average yields obtained on the station farm only 
are considered (the experiment at this place having been conducted 
the longest) the raw rock phosphate plots compare favorably with 
those receiving acid phosphate and bone both on limed and unlimed 
land. 

These three experiments have not been running long enough to 


give conclusive evidence on the relative values of the four forms of 
phosphoric acid used and therefore are not repeated in detail, but the © 


indications are that applications of raw rock phosphate were effec- 
tive in increasing the yield of various crops. 


1S. Cc. Agr. Expt. Sta., Bul. No. 178 (1914). 

2Tenn. Agr. Expt. Sta., Ann. Rept. 1885-1886, pp. 100—112 (1886); Bul. No. 2, vol. 
138, pp. 11-14 (1900) ; Bul. No. 1, vol. 16, pp. 14-16 (1903) ; Bul. No. 86 (1909); Bul. 
No. 90 (1910) ; Bul. No. 92 (1911); Bul. No. 96 (1912). 

®Tenn. Agr. Expt. Sta., Bul. No. 96, pp. 15-24 (1912). 
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In an article entitled “A Study of the Effect of Fertilizers on the 
Soluble Plant Food in the Soil, and on the Crop Yield,” Ellett and 
Hill, showed the impracticability of accurately correlating the solu- 
@uity of phosphates in a certain conventional solvent with their avail- 
ability to crops under soil conditions. The analytical work connected 
with the problem was checked against field results with corn ex- 
tending over a period of five years. 

The soil of the field used in this experiment was derived from the 
Shenandoah limestone, and consisted of a light gray (Hagerstown) 
loam, ranging from 6 to 10 inches in depth and underlain by a red- 
dish yellow clay subsoil. “The cropping history of this particular 
soil is not definitely known, but it has probably been under cultiva- 
tion for not less than 75 years.” The total phosphoric acid content 
(0.118 per cent) was ample, though only 0.07 per cent was shown by 
the ordinary hydrochloric acid digestion method of analysis. 

_ The annual application per acre of the various fertilizers and the 
yields of corn (grain) obtained are shown in Table LXV. Since 
none of the other phosphates was used in connection with carriers of 
nitrogen and potash, a comparison between them and acid phosphate 
is only possible where the latter was used alone. The results obtained 
on plots treated with mixtures of acid phosphate, nitrogen, and pot- 
ash are, therefore, omitted in the table. 


TaBLE LXV.—Yields per acre of corn obtained on plots receiving various forms 
of phosphoric acid (1907-1911). 


Plot Applica pete 
num- Fertilizer tion per| 1907 1908 1909 1910 1911 y 

ber acre for five 
: ; years. 

Pownds.| Bushels.| Bushels.| Bushels.| Bushels.| Bushels.| Bushels. 

1 | Acid phosphate. ............... 600. 0 46.61 | 45.00 42.95 37. 50 30. 53 40. 51 

DAs, Baar COH5. ns ss eae asek 200. 0 41.79 48. 21 41.79 30. 53 34. 82 39. 43 

Ree SEClODUSt et as ic oe eon ele . 99.6 46. 61 46.61 39. 64 25.01 36. 43 39. 00 

7 sd eas Tew GOS tS Ee See ee ee eee 99.6 43.93 Sppswell 2 eeyIul 27.32 34. 28 39. 59 

hel PHOMIAS SIA S225 22 osn = Ss. so 5 192.0 41.79 44. 46 39. 11 19. 28 31. 60 35. 24 

ty | eae OR eee 192.0 37.5 41.7 30. 00 21. 42 31. 07 32.35 

@|\-Acid=phosphate = 522222. 222. - 400. 0 39.11 38. 57 32. 68 14, 82 21. 43 29.32 

THELT) COM OV SV 1 Fe ae 2 a es (ee 43. 93 40. 18 36. 96 24. 64 19. 29 33. 00 

3 OAS eee CORE SOS See SR pee Al Dee ore 40. 71 51. 43 39. 64 24.10 24.10 35. 99 

1S ile 0 ES ee eee 42. 86 45. 00 36. 43 24. 10 30. 00 35. 67 

lis See ae COA as ee se sccwcees 42. 86 46. 61 43. 39 28. 92 37. 50 39. 85 

TESTE DEI YS ics cS oe a Se ieee er ae 1, 200. 0 43. 93 53. 57 52. 50 39. 65 47. 68 47. 46 

HOM SO Me eG Kets a epee ee eee ce cess 44. 46 47.14 39. 64 30. 00 34. 82 39. 21 

0. Vol aa CLO pfs ina | a Sk biciee 42. 86 53. 57 46. 08 30. 00 35. 36 41.57 

Doalaecse CLO ray ten. Sas coool cwoeeee 40. 71 62. 14 38. 03 15. 00 37. 50 44,59 


>), a ea die pe en | ere ea 40. 18 31. 07 36.96 | 17.85] 33.21 35. 35 
1Not included in average. 


The results obtained in this experiment are very confusing. If the 
difference in the yields of the check plots be considered for any 


ee 


iVa. Agr. Expt. Sta. (Blacksburg). Ann. Rept. for 1911-12, pp. 116-132 (1913). 


N 
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single year, it appears that their relative natural fertility varied 
greatly, yet check plot No. 23, which yielded 3 less bushels of corn — 


than check No. 12 in 1907, exceeded the yield of this latter plot in 
1908, by nearly 11 bushels. These same inconsistencies are noticeable 
throughout the table. The plot receiving a fair application of lime 
gave better yields than any of the phosphate treated plots, yet tt 
plots treated with basic slag, which is richer in lime than any of the 
other phosphates, gave poorer yields than either of the “ floats” plots 
and two out of three of the acid phosphate plots. While the raw 
rock phosphate plots produced on the whole better results than those 
treated with either of the other forms of phosphoric acid, the average 
yield of corn on these plots for the entire five-year period was only 
1 bushel greater than the average on all the check plots. 


In view of the fact that the applicat:ons of raw rock were entirely 


too light to prove effective and moreover were only from one-sixth 
to one-half as great as those of acid phosphate, no comparison be- 
tween the two forms of phosphoric acid would be justified even had 
the soil been responsive to phosphate treatment. Practically the 
only conclusion to be drawn from these results is that all forms of 
phosphoric acid were ineffective. 

Ellett and Hill? also published the results of four pot experiments 
with various phosphates on different but important Virginia soil 
types. The tests were made in the greenhouse and were similar in 
all respects. Twenty-five pounds of each soil type was taken for each 


pot, the fertilizer added, and the whole thoroughly mixed. The ~ 


moisture content was maintained in each pot throughout the experi- 
ment at about one-half the water holding capacity of each soil. The 
seed planted, the number of plants per pot, and the fertilizer treat- 
ments were the same for each series of pots. Every treatment was 
run in quadruplicate. The various soil types employed were as fol- 
lows: (1) A typical Coastal Plain sandy soil, low in phosphoric 
acid; (2). a Piedmont “ Red Lands” clay soil well supplied with phos- 
phoric acid and potash but low in nitrogen; (3) a Piedmont choco- 
late-colored clay loam suitable for general agriculture, with rather 
high contents of potash and phosphoric acid, but low in nitrogen; 
(4) a Piedmont gray sandy soil lower in its content of phosphoric 
acid and potash than the chocolate clay loam and very poor in 
nitrogen. 


The results of the pot experiments with these soils are given in : 


Table LX VI. 


1Va. Agr. Expt. Sta. (Blacksburg). Bul. No. 200, p. 24 (1912). 
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TaBLE LXVI.—Yields of oats obtained in four pot experiments with various 
types of soil. 


Yields of oats, average of four pots. 


a8 Application 
Fertilizer. per acre. | Copctal Jeeta Hiedmont, Piedmont 
: F ed Lan choco nt, 
Plain soil. esi = ee gray soil. 
Pounds. Grams. Grams. Grams. Grams 
IACIGEPHOSPHALCH Ac acscssisicig-sicsoaaccsoenc 2 37.9 42. 37.5 38. 1 
OS TSR Tm geek es Ba ENA Be aS £8 120 30.9 43.2 28.6 35.7 
INOMERUHIZETB Ee a ws ccece cscs vac sceckmesncleseeses=ccins 33. 9 46.5 32. 8 34. 4 
Nitrate ofsoday. ts eeac shee seas en ene 100 34.1 54. 6 45.2 39.1 
Polassiun Sulphaterecetcts tucweesmissetionciee 100 32.3 44.0] 45.5 37.8 
itrateonsoday . 208 s.--ceese eens aeleee <5 100 
Potassium Sulphate sarees ec cecouenceocs 100 \ vali gone 47-4 51-9 
NLTRACC OL SOU Beye asic cieis Siclepn ie cieelcioieie 100 
ACIGIDNOSDNAteia: a acca me scinccn sae sisi ainie 200 \ 45.5 60. 1 57.0 51.5 
Nitrate OfSodaes ss soe seein oe esse eee 100 
otassiumisulphateress ese aesceeeeee ne 100 46.8 65. 0 51.0 53. 0 
es phosphaterexaccece chee «css cssecetese 200 


HIT CE Meslclstalaicielacieleleisinisielsjetaia ecco see ccceces 25. 8 | 


With the exception of the Coastal Plain soil, the various types 
seemed to respond more readily to nitrogen than to phosphoric acid 
applications. On the basis of equal applications of phosphoric acid, 
however, the acid phosphate pots gave considerably better yields 
than those treated with raw rock phosphate, the latter material ap- 
parently producing no effect whatever. The rate of application, 
however, was so low,’ and the duration of the experiments so brief, 
that appreciable increases in yield could hardly be expected. 

In 1913 Johnson,? of the Virginia Truck Station, published the 
results of a fertilizer experiment in the growing of kale. This ex- 
periment was the outgrowth of one begun in 1908, the object of which 
was to determine the relative value of various fertilizer materials 
and the best quantities to apply, and also to determine the relative 
value of stable manure and clover as sources of humus both with 
and without lime. 

The fertilizer treatment was continued over a period of five years, 
but the results of only one year (1913) are recorded. The ground 
raw rock phosphate plots compared very favorably with the acid 
phosphate plots, but the best yields were obtained from the use 
of bone products, owing probably to the nitrogen contained in the 
latter. However, the limited data recorded render the results of this 
experiment inconclusive. 

The work of the Virginia station has not as yet been extensive 
enough to justify a comparison of acid phosphate with ground raw 
rock phosphate, particularly as in every experiment the applications 
of the latter material have been too light to get the full benefit from 
such an insoluble substance. 


1The amount of phosphoric acid applied was sufficient to add about 0.0014 per cent of 
P.O; to the first 9 inches of a soil of medium texture, 
2Va. Truck Expt. Sta., Bul. No. 9 (1913). 
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WASHINGTON AND WEST VIRGINIA. 


Only one field experiment! with raw rock phosphate has been pub- 
lished by the Washington Experiment Station, and four? by the 
West Virginia station. None of these have been continued beyond 
one year, so they are not repeated in detail. 


WISCONSIN. 


Four field experiments* with raw rock phosphate have thus far — ? 
been reported by the Wisconsin Experiment Station, but since none 
of them have been continued beyond two years they are not consid- 
ered in detail in this bulletin. 


The excellent work of Truog,* Tottingham and Hoffman® and ~ 
Fred and Hart ® on the solubility and availability of phosphates and ‘ 
the mutual action of bacteria and phosphates on one another is dis- 
cussed elsewhere in this bulletin. 4 

While the results of the Wisconsin station’s work on ground raw 
rock are too limited to draw any definite conclusions, the indications 
point to its value as a fertilizer on peaty soils. No comparison of 
acid phosphate and raw rock phosphate, however, is warranted. ; 


EXPERIENCE OF FARMERS WITH RAW ROCK PHOSPHATE AS A ; 
FERTILIZER. = 
While the field work of the State experiment stations is as a rule 
much more valuable to the student of agriculture and their results 
much easier of interpretation, at the same time the experience and 
opinions of a large number of progressive farmers who have given 
raw rock phosphate a fair trial, are of considerable value and | 
worthy of serious consideration. 
In order to determine the sentiment of such farmers toward raw é 
rock phosphate a letter and set of questions was sent to each of 1,000 
farmers in various parts of the country who had ordered more than 
one shipment of this material. It might be argued that this method 
of choosing names was hardly fair and on its face favorable to raw 
rock phosphate, since the fact that the orders for this material 
were repeated indicates very strongly that the consumers considered 
it effective. On the other hand it is probable that those who sent in 
but one order for raw rock phosphate reached an unfavorable deci- 
sion concerning its fertilizer value before they had given it a fair : 
Ff 


2 


1 Wash. Agr. Expt. Sta., Popular Bul. No. 49 (1912). 

2W. Va. Agr. Expt. Sta., Bul. No. 28, pp. 57-60 (1892). 

3 Wis. Agr. Expt. Sta., 22d Ann. Rept., pp. 275, 281 (1905); Bul. No. 147, pp. 27-34 
(1907) ; 24th Ann. Rept., pp. 261—271 (1908) ; Bul. No. 202, pp. 8-11 (1911) ;.Bul. No. 
205, pp. 9-12 (1911). 

4 Wis. Agr. Expt. Sta., Research Bul. No. 20 (1912). 

5 Wis. Agr. Expt Sta., Research Bul. No. 29 (1913). 

6 Wis. Agr. Expt. Sta., Research Bul. No. 35 (1915), 
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trial, and therefore their opinions would be less valuable than those 
who had used the material through a term of years. 

Replies were received from 315 farmers, most of them in the 
Middle West where raw rock has been tried out much more exten- 
sively than in the East or South. 

@ Of this number 219 or 69.6 per cent reported favorable results from 

the use of raw rock phosphate, 55 or 17.4 per cent were doubtful 
about its value, and 41 or 13 per cent regarded the material un- 
favorably. 

Many of the responses were very incomplete and in most instances 
no check plots were employed. In no case was a reliable comparison 
made between acid phosphate and raw rock. 

A summary of the data obtained is given in Table LX VII (p. 114). 


SUMMARY. 


Much doubt and difference of opinion exists concerning the fer- 
tilizer value of ground raw rock phosphate, but the use of this ma- 
terial has slowly increased until the annual consumption is now in 
excess of 91,000 tons. 

Numerous experiments have been conducted with this material in 
the field, greenhouse, and laboratory, and while many of these ex- 

- periments are of very little value, others warrant serious considera- 
tion. To avoid confusing the reader by a mass of data of doubtful 
value no field experiments of less than five years’ duration have been 
recorded in detail in this bulletin. 

The use of ground raw rock phosphate as a fertilizer in this coun- 

_ try dates back to the early days of the South Carolina phosphate 

industry, but the Pennsylvania State Experiment Station recorded 

the first field experiment with this material in 1885. Since that date 

» the work has been taken up by practically all of the stations east of 
the Mississippi River and a few of those west. 

_ Since natural phosphate of lime or phosphorite is very resistant to 
weathering influences, it can not ordinarily be expected to yield its 
phosphoric acid readily to the soil solution, but by subjecting it to 
some chemical treatment by which it is rendered water soluble, its 
effectiveness is greatly increased. On the other hand, if the rock 
is ground to an impalpable powder (floats) and applied to the soil 
in such large quantities that an enormous surface is exposed to the 
action of the soil waters, a considerable amount will eventually be 

dissolved. Since carbon dioxide (in solution) and bacteria also affect 
the solubility of raw rock phosphate, it is reasonable to expect the 
latter to be more effective on soils high in organic matter. This 
effect may be expected to be particularly marked on soils of low 
phosphoric acid content. 

56841°—Bull, 699—18—_8 


LLETIN 699, U. S. DEPARTMENT OF AGRICULTURE, 


aa 
T 
} 


BU 


114 


Socoocoomtooooooosoooonoooexsscs 


*P09GIS JON ¢ 


0 0 0 0 0 0 0 0 I 0 0 0 T g 0 T 0 l 9 8 6 See cm Slee tind Seale ome Aer OTS COON [ANY 
0 0 0 0 0 0 {! 0 0 0 I I I (4 0 0 0 4 I (4 ; fi enis. Teaebe rce ere oe ei iNgLR QL TC NS SRO ANG 
0 0 0 6 z z z 0 I 0 i z g 9 I I I n) l 6 A ies | lea dees UII TR Ab eaced iu y ffi 
0 0 0 0 0 0 0 i 0 0 I I i 0 0 0 0 0 0 0 Ted ig |R< are sae res ae Rees PC anION NS 
0 6 0 I 0 G 0 0 0) 0 (), 0 0 IT 0 I 0 0 6 j v PL A Sa ARNE te MD hae Thay ae (PAN LG 
I T 0 0) T G 0 0) 0 0 0 0 0 6 0 I 0 Z g g g eee men ee ee Si oe OOS SOLEIL ON Ty 
0 0 0 0 0 0 0 0 0 0 0 0 0 G 0 ) 0 G G g Gig, | 9 (RRS Ue Taare ee UT OLS) Mallow 
0 0 0 0 T I 4 I \! 0 L V L 8) Pp G I OT 6 aL 03 eG he oar ao soerees - UIUBATASUUOT 
0 0 0 Il z v I I g 0 g z l 9 I 0 0 G g )} is PSs, ee is aes tse = REA aiplere's Ree OTT 
0 0 0 0 0 0 0) 0 I 0 i \! T 6 € if 0 OL ol VI G hab Re BS aR CULOICE) Y4LON 
0 V 0 £ y v T 0 0 0 0 (4 j 9 0 6 0 L 9 8 PL OT a ee ate oneeeses’ 410K MON 
0. 0 0 0 0 0 0 0 Lf 0 I I I I 0 I 0 I j j if Teen ES ae ee oe seers" KOSIOl MON 
0 g 0 I z g 0 0 I 0 0 0 i I 0 0 0 I z a One sag aeeces ae seewasee=**(InOss ity 
0 l 0 if if if 0 0 0 0 0 0 0 v I 0 0 g Pp g i) ete he par cess ae a + Siri -- 9-1 CISSISST IT 
I 0 0 0 I if 0 I 6 0 b g g 9 if 0 0 L 6 6 GT SS aes ge iets es rere“ UBSTYONY 
0 I 0 6 I j 0 0 0 0 0 0 0 \! I 0 0 T te V6 b I ag lb ea to tre reer NURIA ICIT 
0 0 0 0) 0 0 0 0 0 0 0 0 0 g 0 I 0 g z 17 v Be ee oe en soe" e"* GUBISINO'T 
0 0 0 0 0 0 I 0 0 0 I I 1 OL 0 g 0 6 Il &I NRO | i cana ae a “ate Se A Om O st 
0 I U 0 I T 0 | 0 () 10 (1) Cy) eal ia I 0 0 0 if I if eel ae in be see rales aisieis = “8 SGSUCS 
0 I 0 if I I 0 0 I 0 Go) ye ; 0 0 0 0 () 0 0 Po ell ee ees a one Se sisiviecisigr SB ANOT, 
0 0 0 v p v (6 0 if 0 () () 19% OL z g 0 6 at OT POL Se er Ss Be IIIA} HG) | OHO 
I 8 0 0 OL OL I V (1) 0 8 OL 9L py g MM, j 68 SL 64 COL SIS See eee eS LOLI 
0 t 0 0 I! I 0 0 0 0 0 0 0 b 0 g 0 b L L NS Ea ae coat mrerees == B151005) 
0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 De a I Ti cSihdsoate reg ee ae veeereee ss OT BANBOC 
0 I 0 Gy) Goya! 0 0 0) 0 0 0 0 I I I 0 I I g v Oe ieee, ar ce 8 “see sqnoroouuog 
0) 0 0 0 0 0) 0) 0 () 0 0 ) 0 (1) 0 () 10 () Gide ta! I ala aaa atage rorsesees* -QPBlo}OD 
0 0 0 0 0 0 0 0 0 0 0 0 0 (1) ”) () |0 GO G0) Net I See eee ee ee vores SesUByLy 
0 if 0 0 I I 0 0 0 0 0 0 0 z 1 0 0 z t¢ g v oe eee an ee eee “OULBCLBT Ug 
Z 2, A Al ada |) ie A va A Z| am Z| 4 Z, Zz, Z| aH Z| tok La 
oh] &| €/] G/SRISEE) $ |oG| €] €| BI SSIS2E S1o8| G1 -G| El ee i888] 8 | & 
Re CE | Be Se TSB) Bl OR) | BB Se Se8) 2 Sk | Bt CB] B) BB ISS8) 2] & 
Boel et ios S S169 |B°o SS? | Sue Sli Salih toe Qo opt Leeann oll pean =p = ei 
m | od | yo eo|S$ej/o,e0] B (oO | AO |] yo 6 | §o lo B eolso |] 4o e®|8oc loge s) 
=e on | ty | og ne" C ia on an Fel gat Bi okie (oy ho on (lah feelin lscoa Aen (= 5 
go | 4c) 2e| 2 | Be lee) & | 86) 48) 2s] sa] ee lees] 2 138/42 | 28) 58] BS lowe) & | gs 
4 Col Se | 2S) oo (Soe) & | ob | gs) S65 B| oo (Se 8 |G | ge | Be] 4b |e [Sec] & 4 oneag 
or | To can oa sie 2 rg 9 4 ost | Ewa | ava oq Ba bey 99 , oso | oa | Ja oq Bea | wig ua ( ° 
Bede. || nese. [areas o 5 O05 7 eee | SS. el sas Pe Bo |26 pee |S eral Sa Ps Se ico. 
aA + Si cr bc Car Oo & ct uw st ct Cad e“Diges wn ct o o <5 +P lee es 
"eee % . @ tq | 5 ~ 5 i @ tsa |? 5 ae. 2 = a ar PB © 
S| Se elge ee |e PHAlL See. |i. oe Be | OS er) ee ee oS] S$) Si wl oa] ae = 
Yn 
"3/001 MBI JO ISN OY} ISULVO SACU CT ‘YO0d MCIJO ON[VA OY JHOGBINJIGNop sowie, “oVBYdsoyd Yood MVIJO WSN BULIOAR] SAOULIC 


‘wazyyief 0 sv ayoydscyd yoou mos fo onjna Lurvusauod $ajn1g §¢ Ut Sian GT gE Wolf sarijdau fo hinmung— TT AX 814V I, 


EXPERIMENTAL WORK WITH RAW ROCK PHOSPHATE. 115 


The problem of determining the agricultural value of ground raw 
rock phosphate has been attacked through the media of laboratory, 
greenhouse, and field experiments. The laboratory investigations 

_ may be classified under the four following heads: (1) Determination 
qof composition of rock. (2) Methods of determining availability of 
phosphates. (3) Effect of fineness of division on its solubility or 
availability. (4) Effect of organic fermentation on its solubility and | 
availability. 
In the analysis of rock phosphate for direct application to the field | 
it is often only necessary to determine the quantity of phosphoric 
acid present in the sample. 

Practically all of the methods so far SEaposed to determine the 
availability of phosphates are empirical and none of them which 

- recommend that the phosphate be kept in contact with a definite 
‘quantity of solvent for a limited time can show any sharp distinction 
between the amounts of phosphoric acid available and unavailable 
under soil conditions. 

~The fineness to which rock phosphate is ground has been found to 
have a very important influence on its solubility in certain conven- 
tional solvents as well as upon its availability to crops. Greater 
-yields of peas, barley, rape, and oats were obtained where floats were 
applied than where the phosphate was applhed in coarser particles. 
The solubility of the very finely ground material in certain conven- 
tional solvents was also found to be considerably greater than when 
the rock was less finely ground. 

Tt has been pretty well demonstrated that bacteria have an appre- 
ciable effect upon natural phosphates. When bacterial activity is 
‘accompanied by the formation of acid (carbon dioxide) the solvent 
action exerted on the rock phosphate is quite marked. In the case 
-of fermenting manure, however, it has been found that the manure 
organisms fix or absorb phosphoric acid from natural phosphates, 
the latter actually showing a decreased solubility after being in con- 
‘tact with the manure for some time. But it has further been shown. 
that the availability of the phosphorus in the cells of such organisms 
ds as great as that in acid phosphate. Moreover, after fermentation 
has ceased, the phosphorus is released in forms soluble in carbonated 
waters. In nearly all of the experiments conducted to determine the 
efiect cf fermentation on rock phosphate, some conventional solution, 
usually a weak acid, has been employed to measure the availability of 
the altered phosphate. It has already been pointed out that most of 
these solvents do not serve as indices to the phosphoric acid available 

under soil conditions. 

The presence of decaying organic matter in the soil, accompanied 
‘as it always is by greater bacterial activity and an increased amount 
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of carbon dioxide, is a potent factor in rendering rock phosphate 
available to crops. | 

The advantage of pot and greenhouse work lies in the fact that 
by the exercise of the greatest care the conditions under which the 
erops are grown may be, to a large extent, controlled. _ € 

The final proof of the value of raw rock phosphate as a fertilizer 
must rest upon field experiments. A large amount of field work has 
been conducted with this material under a variety of conditions, but 
unless the numerous factors influencing crop yields be taken into con- 
sideration the results appear very conflicting. In considering the 
results of field experiments, careful attention must be given to the 
following factors: (1) Uniformity of experiment field, (2) topog- 
raphy and drainage conditions, (3) physical and chemical composi- 
tion of the soil, (4) previous treatment of the field, (5) climatic con- 
ditions, (6) injuries from disease, insects, and animals, (7) kind of 
crops grown and selection of seed, (8) rate of application and uni- 
form distribution of phosphates, (9) methods of comparing raw rock 
with other phosphates, (10) effect of other fertilizers, (11) number 
and distribution of plots, (12) duration of the experiment. 

Two hundred and thirty-two field experiments with raw rock phos- 
phate have been reported by the State experiment stations. Of this 
number only the 37 experiments given detailed consideration in this 
bulletin were conducted for a period of five years or longer. A sum- 
mary of these 37 field tests is given in Table LX VIII, but in view of 
the fact that nearly all of these tests were conducted under different 
couditions and involve the consideration of variable factors, it is ob- 
viously impossible to classify the data in such a way as to give each 
experiment its proper weight. The classification given in the table 
therefore is in some instances necessarily arbitrary. 

Out of the 37 tests given in Table LX VIII, 22 were carried on 
with a view to comparing the relative merits of raw rock and acid 
phosphate. The conditions under which such a comparison was at- 
tempted varied greatly, but it may be said that in a general way 13 
of these experiments or 59.1 per cent gave crop yields as favorable to 
raw rock as to the more soluble form of phosphoric acid. Of the 
9 experiments in which raw rock did not compare favorably with 
acid phosphate, 2 were conducted on fields unresponsive to phosphate 
treatments, and 2 gave results which could be classed as either favor- 
able or unfavorable, depending on the method of interpretation 
employed. 

Of the 15 experiments in which no comparison between ground raw 
rock and acid phosphate was attempted, 11 or 73.3 per cent gave 
results strongly indicating beneficial effects from the applications 
of the former material, and 2 of the remaining 4 experiments were 
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conducted on fields shoe little or no response to phosphate 
treatment. 

In 21 experiments the applications of raw rock phosphate were 
relatively light (250 pounds or less per acre), yet 15 of these ex- 
periments or 71.4 per cent showed distinctly favorable i increases In € 
yields on the plots treated with this material. | 

In 16 experiments where the raw rock phosphate applications were | 
more liberal, 13 or 81.3 per cent resulted favorably to raw-rock 
phosphate, and the remaining 3 experiments were conducted on soils 
showing little or no response to phosphate treatment. | 

Raw ook phosphate was applied in connection with organic matter 
in 23 experiments. Out of this number 18 or 78.3 per cent gave dis- 
tinctly favorable results, and of the 5 remaining experiments 3 were 
- conducted on fields unresponsive to other forms of phosphoric acid. 

In regard to the cumulative effect of ground raw rock phosphate 
it may be said that in 17 instances (46 per cent of the entire number — 
of experiments) there was evidence of greater availability after raw. 
rock had been applied for a number of years. In 138 out of the re- 
maining 20 experiments the data are not sufficient to give evidence 
on this point, and in 4 out of the 7 cases where no cumulative effect 
was shown the soils were not responsive to phosphate treatments. 

In order to determine the sentiment toward ground raw rock phos- 
phate as a fertilizer a letter and set of questions were sent to each of 
1,000 progressive farmers who had used the material for one or more 
years. Out of 315 replies, 219 farmers or 69.6 per cent were favor- 
able to its use, 55 or 17.5 per cent were doubtful concerning its value, 
and 41 or 18 per cent regarded the material nampa ot | 


CONCLUSIONS. 


The data presented in this paper were gathered in order that those 
interested in the use of raw rock phosphate might draw their own 
conclusions. The classification of the experimental work according 
to states was made so that the experience with this material in each 
particular locality might be studied in the least possible time. Some 
of the experiments, however, undoubtedly conflict and in others, re- 
sults which on close analysis agree fairly well, appear on the surface 
contradictory. It is hoped, however, that by carefully considering 
‘the factors influencing crop yields as outlined in page 18 to page 28, 
and applying them to the individual experiments much confusion 
can be avoided and the reader be ‘able to obtain a fairly clear idea 
of the value of the results. | 

While the writers do not wish to influence the judgment of anyone 
reading this paper, they feel, after carefully weighing the data con- 
tained therein, that certain general conclusions are justified. 
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(1) The conventional laboratory methods so far proposed for de- 
termining the availability of phosphoric acid in various phosphates, 
while of some use, do not necessarily serve as an index to its avail- 
ability under soil conditions. 

(2) Field experiments conducted for only one or two years, where | 

@ithe various fertilizer treatments are not replicated or where no index 
is given to the relative natural fertility of the various plots employed, 
have little or no meaning. 

(3). The application of liberal and even medium quantities of 
raw rock phosphate to most soils produces an increase in the yields 
of many crops the first year. 

(4) The effectiveness of raw rock phosphate depends largely on 
its thorough distribution in the soil, this distribution being brought 
about by liberal applications of very finely divided material and | 
thorough cultivation. 

(5) The presence of decaying organic matter in the soil increases 
the effectiveness of ground raw rock phosphate, owing probably both 
to greater bacterial activity and the higher content of carbon dioxide 
in such soils. 

(6) As a corollary of (4) and (5) the effectiveness of raw rock 
phosphate is usually increased after remaining in the soil for a 
year or more. 

(7) Most crops respond more quickly to applications of acid 
phosphate than to bone, basic slag, or raw rock phosphate. ‘There- 
fore, where the early Simulation and quick maturity of the crop are 
the main considerations, acid phosphate is probably the best form of 
phosphoric acid to apply. 

(8) Field experiments in which raw rock phosphate and acid 
phosphate are compared on the basis of equal applications of the two 
materials or on equal applications of phosphoric acid in the two 
forms result often in favor of acid phosphate (particularly when such 
experiments are conducted for a short period), as in order to get the 
maximum benefit from the natural phosphates they must be applied 
at a rate far exceeding that at which acid phosphate proves effective. 

(9) The question whether increases in yield can ordinarily be.pro- 
duced more economically by applications of the soluble or relatively 
insoluble phosphates must be considered in a measure a separate 
problem for each farmer, since it depends on a number of factors 
of which the most important are the nature of the soil, the crop system 
employed, the price of the various phosphates in each particular 
locality, and the length of the growing season. 
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